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EST THERE BE doubt in anybody’s mind 
as to the efficacy of the public works pro- 
gram we hear so much about these days, we 
present here a bit of conerete evidence 
which in our opinion is quite irrefutable. 

For it would be difficult to find any evidence, any- 

where that is more concrete than this photograph of 

Boulder Dam, for here is shown almost a million cubic 

yards of solid concrete! This photograph was taken 

in September of last year; just last week we read of 
the pouring at Boulder Dam of the millionth cubic 
yard of concrete. With the passing of this figure, the 
dam is over one third complete and the work is two 
years ahead of schedule. The total amount of concrete 
to go into the completed dam is 3,400,000 cubic yards. 

Shades of Mr. Portland or whoever it was that in- 
vented cement! 

And yet, compared to some of the other items on 
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View of Boulder Dam as it 
appeared in September, 1933. 
The millionth cubic yard of 
concrete was poured several 
weeks ago. 


the public works program of the Ad- 

. ministration, even the three million 
cubic yards of concrete which are 
destined to make up Boulder Dam, 
are small indeed. Consider for in- 
stance the dam which is to be con- 
structed at the head of Grand Coulee, 
which is to contain about 11,000,000 
eubie yards of concrete and which 
will form a lake in the Columbia 
River, 151 miles long. Compared to 
the Columbia River developments 
those of the Colorado are, if not small, 
at least of secondary importance as 
regards magnitude. 

The length of the Columbia is 1210 
miles. The drop or fall in the United 
States is 1284 ft. The annual run-off 
of this river is ten times that of the 
Colorado at Boulder Dam. The ten 
dams recommended by the United 
States Army engineers will develop 
92.3 per cent of the total drop or head 
in the United States making possible 

the development of 41,064,000,000 kw-hr. annually or 
one third of the total electric power produced in the 
entire United States in 1930. 

Even though the completion of these works extends 
many years into the future, they are of intense interest 
to us at present because work is actually being started 
not only in the Columbia Valley, but on similar devel- 
opments all over the country. 

In this issue it has been our aim to describe the ~ 
nature of these various developments in as much detail 
as possible in a series of articles. The first of these 
explains how the work on the projects is codrdinated 
under the various departments doing the work. This 
is followed by detailed articles on the Tennessee Val- 
ley Authority, the Columbia River Projects and a 
separate article on other federal projects throughout 
the country. Finally there is presented a selected list 
from the many non-federal undertakings being carried 
out with the aid of federal loans, 
























The Expanding Power Plant 


ONE OF THE LAST measures passed by the Con- 
gress prior to its adjournment last June, was the 
National Industrial Recovery Act which gave tremen- 
dous powers to the Executive. In addition to providing 
machinery for setting up and administering codes of 
fair competition, the act set aside $3,300,000,000 for a 
public works program to be administered by the Fed- 
eral Administration of Public Works. Money was 
granted outright for Federal public works. For state 
and municipal projects, grants of thirty per cent of 
the cost of materials and labor were made and, when 
necessary, loans for the remaining seventy per cent 
were made, on approved security 

Administrator Ickes said: ‘‘How many people 
realize what a significant and profound social and 
economic change is going on in this country today? 
We are blazing new trails just as surely as our ances- 
tors felt their way cautiously along untrodden paths 
in the early days when these glorious states were open- 
ing their eyes as royal colonies. 

‘*Codperation is now the watchword. We acknowl- 
edge our interdependence on each other. Our object 
is to see to it that every citizen of this land, of what- 
ever race or creed or color, is not only assured of the 
necessities of life but of something definitely over and 
above those necessities, so as to make it possible for 
him to live with more content and happiness than he 
has lived in the past.’’ 

Regardless of political views or affiliations of indi- 
viduals the Federal Administration of Public Works 
is an established fact and the $3,300,000,000 authorized 
by Congress has already started to flow into the chan- 
nels of trade. The power industry is being enormously 
developed, the Administration stating that $11,000,000 
worth of municipal power systems have been financed 
and that applications have been received for $35,- 
000,000 more. This is but a fraction of the money 
which will be spent for power plant facilities as it 
does not include power and heating facilities incor- 
porated as a part of other classifications, buildings, 
hospitals, water works, sewer systems and. irrigation 
projects, nor does it include the millions involved in 
Federal projects. 

A large share of this money will find its way to 
manufacturers of power plant equipment, thousands of 
men will be given employment during construction and 
hundreds of engineers will be required to run the 
plants after they are built. This program is therefore 
of vital interest to the entire field. The projects may 
or may not be economically feasible; their sociological 


importance may or may not be justification for the. 


program; a market may or may not be developed for 
the thousands of kilowatts of capacity installed. These 
points are subject to argument and unfortunately the 
answers lie only in Time, not in argument. 

What we do know is that the purpose of the 
act, to put men to work and to start money flowing 
through commercial channels, is being put into effect 
with all possible speed. Building statistics show that 
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it has been making itself felt with increasing force 
during the past few months. The fundamental spirit 
of the Act: as.well as immediate needs demands that 
everyone. participate in the program to the fullest 
extent and as unselfishly as possible so that benefits 
may be evenly distributed. 


Competition Forcing Economy of 
Services 


GREATER ECONOMY in the power plants serv- 
ing industrial establishments will unquestionably be 
one of the results of operating under the NRA codes 
which are being put into effect throughout the country. 
Under the competition which is developing among man- 
ufacturers, human labor must be paid for at or above 
code rates in all factories so equipment in plants will 
be called upon to reduce unit costs of production to 
the lowest possible point. Every service which the 
power plant performs for the factory will be scrutin- 
ized by those in charge of production. Waste of power, 
heat, light, steam, water and compressed air should 
not and will not be tolerated even in plants where 
little thought has been given to those economies in the 
past. 

In most factory organizations, particularly those of 
average and smaller class, the chief engineer of the 
power plant is the individual responsible for supply- 
ing the mechanical services to the factory. In many 
factories he is given the authority of supervising the 
use of these services—an extension of responsibility 
which we believe is rightfully his. Such responsibility 
calls for more than a general knowledge of processes, 
it calls for familiarity with the details of equipment, 
the fine points of control of services and the factory 
program as it varies with output. Load factor and 
power factor on the power plant are matters of great 
concern to the engineer and he should strive to make 
them as nearly ideal as possible. Above all, his records 
should be kept up to date as to costs and output, and 
recording charts should show important varying con- 
ditions in the operation of equipment. Without such 
aids, guessing must be resorted to and betterment of 
plant conditions is next to impossible. 

Progressive engineers have long been looking for 
the opportunity to make use of their technical knowl- 
edge and skill in the economical use of the products, 
of their power plants, with government action forcing 
industry to economize in lines heretofore notoriously 
neglected, this opportunity seems to be at hand and 
it is to be hoped that power plant engineers will assume 
the initiative necessary to place themselves in the ad- 
vanced position which has been so generally over- 
looked in the past. 


Yearly Index 


INDEX for Volume XXXVII of Power Puant En- 
GINEERING is now prepared and will be sent free to 
subscribers upon request. 
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HEN CONGRESS passed the National Indus- 
trial Recovery Act on June 16, 1933, the 
Federal Emergency Administration of Pub- 
lic Works was created with a working fund 
of $3,300,000,000 to be used in financing a 

comprehensive and nation-wide program of public and 

semi-publie works. On July 8, the President appointed 

Secretary of the Interior Ickes, Federal Emergency 

Administrator. State Engineers, State Advisory 

Boards and Regional Advisory Boards were appointed 

and engineering, legal and financial divisions set up in 

Washington to examine and pass upon applications for 

loans. . 

The speed with which this organization was formed 
and put to work is shown by the fact that before 
Christmas the total of over 11,000 allotments had 
passed the three billion mark. Projects which had 
been examined and for which allotments could have 
been made at that time were sufficient to exhaust the 
fund but field representatives were ordered to continue 
to send in applications as it was confidently predicted 
that Congress would increase the original $3,300,000,- 
000 to at least $5,000,000,000. During the week ending 
December 16, 1933, some 377 applications reached 
Washington. 

As the purpose of the act was to decrease unemploy- 
ment and put money into circulation as soon as pos- 
sible, speed was an important element of the program. 
Many of the earlier appropriations, therefore, were for 
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Federal projects, the Bureau of 
Reclamation, War Department and 
Navy Department playing an im- 
portant part in power development. 
These departments, all with active 
engineering organizations, complete 
studies and plans available, were 
able to proceed with work at once 
and received early appropriations. 
Among other allotments, the Bureau 
of Reclamation received some $75,- 
000,000 for five power developments: 
Boulder Dam, Grand Coulee, Caspar- 
Aleova, All-American Canal and 
Verde River Developments; the War 
Department received $45,250,000 for 
the Bonneville and Fort Peck Dams; 
the Navy Department $850,000 for 
power plants at the Washington 
Navy Yard and Annapolis Naval 
Academy. 

Another Federal project of pri- 
mary importance to the power indus- 
try as a whole is the Tennessee Val- 
ley Authority created by Act of Congress May 18, 
1933, and vested with almost dictorial power in the 
Tennessee River Basin. Although some $50,000,000 of 
the PWA funds were allotted to the TVA, its import- 
ance to the power industry lies not so much in its 
limited power development plans as in the active par- 
ticipation of the government in the sale and distribu- 
tion of power. 

It is also rumored that a similar authority will be 
created for the Columbia River Basin to codrdinate 
the efforts of the War Department, Bureau of Reclama- 
tion, Columbia Basin Commission, private companies 
and other agencies actively interested in the develop- 
ment of this water shed. 

On the whole the non-federal allotments are smaller, 
ranging from a few hundred dollars up to several mil- 
lion on the larger hydro-electric and irrigation proj- 
ects such as the Loup River and Red Bluff. Although 
the early projects approved by the PWA are somewhat 
scattered and apparently not related, the major por- 
tion forms links in the ‘‘comprehensive program of 
public works’’ mentioned in the Recovery Act. 

State Advisory Boards were formed primarily to 
gather and correlate various local planning programs. 
These state programs are then reviewed by the Re- 
gional Advisory Boards and finally by the National 
Planning Board formed as 4 division of the PWA July 
30, 1933. The Administrator, therefore, acts through a 
nationally represented organization. 
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‘} WORKS PROGRAM aims 


| Coérdinated Development 


Under the provisions of the National Industrial 
Recovery Act the President was authorized to pre- 
scribe rules and regulations necessary to carry out 
the provisions of the act. These were prepared and 
issued July 31, 1933, as Circular No. 1. Under these 
rules preference was to be given to (1) Projects inte- 
grated with and consistent with a State plan; (2) 
Projects which could be started promptly; (3) Proj- 
ects near centers of unemployment. 

These instructions were more definitely outlined for 





HAROLD L. ICKES, Secre- 
tary of the Interior and Ad- 
ministrator of the Federal Emer- 
gency Administration of Pub- 
lic Works, was born in Penn- 
sylvania 1874 but while still 
young moved to Chicago where 
he received his high school and 
college education. He graduated 
from the University of Chicago 
with an A.B. degree in 1897. 
After some newspaper experi- 
ence he returned to the Univer- 
sity and entered the law school, 
receiving a degree of J.D. in 
1907. 

While still in law school he 
became interested in local poli- 
tics and took an active part in 
a@ campaign involving a question 
of public utility franchises. His 
interest in local political cam- 
paigns continued and he entered 
national politics as local organ- 
ization chairman of the Pro- 
gressive Party in 1912. He con- 
tinued as a Progressive but 
supported Hughes in 1916, Cox 
in 1920 and worked for the nomination of Hiram Johnson against 
Coolidge in 1924. 

During the war, Mr. Ickes was put in charge of patriotic propa- 
ganda for the Illinois State Council for Defense but soon went over- 
seas for the Y.M.C.A. At the time of the Armistice he was on his way 
to receive a commission as Captain of the Commissary Department 
to be attached to the 35th Division. After the war he returned to 
Chicago where he continued his law practice until appointed Secre- 
tary of Interior of President Roosevelt’s cabinet, March, 1933. His 
home is at Winnetka, Ill., a Chicago suburb. 





the immediate program which included such projects 
as (1) could be started within 30 days; (2) were safe 
and sufficient from an engineering standpoint; (3) 
were necessary and convenient from a social stand- 
point; (4) the applicant had a balanced budget, was 
in process of balancing it or action toward such bal- 
ancing was in good faith assured. 

To the extent that such projects were before it, the 
Board and the State Engineer were instructed to give 
priority in the following order: (1) Waterworks and 
sewage projects; (2) sewage-disposal projects suffi- 
ciently comprehensive to render river or lake systems 
safe as water supply for large masses of the popula- 
tion, and other sewage-disposal projects; (3) other 
regenerative projects; (4) other projects socially nec- 
essary and economically sound. 


With these instructions and limitations placed on 
river and harbor improvements by the act itself, it was 
but natural that sewers and water works led in the 
actual number of allotments although on a dollar basis, 
as of December 16, power plants were running strong, 
the percentage allotment at that time being 12.2 for 
water works and 5.3 for power plants. This does not 
of course tell the whole story as practically all power 
plant repairs and much new work were, and will in 
the future he, listed under miscellaneous classifications 
such as buildings, hospitals, ete. Many water works 
allotments included power and pumping plants and 
most of the larger irrigation projects included hydro- 
electric power plants, none of which appeared in the 
power plant classification. 

With the organization as set up, applications, for 
which there was no filing fee, were received by the 
state engineers (PWA) who examined them to be sure 
engineering, financial and legal data was complete and 
then listed them for final examination according to 
the priorities mentioned above. Upon examination the 
application was submitted to the state board which 
forwarded it to the Administrator with its recom- 
mendations. 

In Washington the application was reviewed by the 
proper technical division of the central organization 
and if acceptable the proper allotment, either grant, 
or loan and grant, is made by the Administrator and a 
suitable contract returned to the local authorities for 
ratification. Upon execution of the contract by the 
applicant, PWA funds are transferred legally and con- 
struction work started immediately, the duties of the 
Administrator covering not only the formulation of the 
plan and drafting of a contract but the supervision 
and policing of the performance of the contract. 

Terms as ordinarily arranged covered loans se- 
cured by 20 or 30 yr., 4 per cent serial bonds and 
grants up to 30 per cent of the cost of labor and mate- 
rials. The grant could be used in a number of ways, 
the most popular being for the Federal government to 
carry principal and interest for three or four years 
relieving the local government of all payment during 
this period, or, for the Federal government to carry 
payments on the principal for 6 or 7 yr., leaving only 
the interest charges to be carried locally during that 
period. In many cases no loan was required or re- 
quested, the work being financed locally with 30 per 
cent of the labor and material costs paid by the Fed- 
eral government. 

Approval of these contracts by local agencies is, 
however, holding up the distribution of finances. By 
December 19 some 586 non-federal project contracts 
had been made and sent out. Of these but 279 had 
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been returned to the PWA properly executed by the 
applicants. Of the 307 not returned, 172 had been 
sent out prior to December 1. As speed was an im- 
portant element of the PWA, which is limited to a 
life of 2 yr., dilatory tactics are frowned upon by the 
Administrator who has the power to cancel or rescind 
allotments already made and threatens to make use 
of it. 

Applications which had been pending before the 
Reconstruction Finance Corporation were immediately 
transferred to the PWA for reconsideration under the 





ELWOCOD MEAD, Commissioner of 
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in the Act of Congress so as to give preference to quali- 
fied workers who are unemployed. Local labor re- 
quired and to be secured through employment services, 
will be selected from lists of qualified workers sub- 
mitted by local employment agencies designated by the 
United States Employment Service. Skilled or or- 
ganized labor will be secured in the customary ways 
through recognized trade-union locals. In the event 
such highly skilled organized workers are not fur- 
nished by such locals within forty-eight hours after 
the request is filed with them, workers shall be ob- 










Reclamation, Department of the Inte- 
rior, was born in Indiana 1858 and 
graduated from Purdue University in 
1883. In 1904 the University conferred 
upon him the honorary degree, Doctor 
of Engineering, the first from the Uni- 
versity. In 1925 the University of 
Michigan conferred the degree Doctor 
of Laws upon him, for, in addition to 
being an eminent engineer, the legal 
precedent he established by formulat- 
ing the Wyoming irrigation code has 
been used all over the world. His en- 
gineering work as State Engineer of 
Wyoming; Chief of Irrigations Inves- 
tigations, U. S. Department of Agri- 
culture; Professor of Irrigation, Uni- 
versity of California; government 
service in Australia, New 8S. Wales, 
Canada, Hawaii, Java and Mexico and 
as consultant for the Zionist Organi- 
zation are too well known to engineers 
to warrant repetition. He was ap- 
pointed Commissioner of Reclamation, 
U. 8. Department of Interior, in 1924. 


EDWARD MURPHY MARKHAM, 
Major General, Chief of Engineers, U. 
S. Army, was born in New York in 
1877 and graduated from the Military 
Academy 1899. After service in various 
sections of this country, the Philippine 
Islands and Cuba, he went to Camp 
Dix, at the beginning of the war, as 
Colonel to organize the 303 Engineers 
which he later commanded in France 
until assigned to General Headquar- 
ters A.E.F. He was later transferred 
to Coblenz as Chief Engineer, Army of 
Occupation. Since the war he 

served as District Engineer, Detroit; 
Commanding Officer, Fort Humphreys, 
and Division Engineer of the Great 
Lakes Division with offices at Cleve- 
land as Division Engineer he had su- 
pervision over the Buffalo, Detroit, 2nd 
Chicago, Milwaukee, Duluth and Lake 
Superior Districts involving the great 
lakes system from the Soo Locks 
through to Ogdensburg on the St. 
Lawrence. He was appointed Chief of 
Engineers, U. S. Army, October, 1933. 


ARTHUR ERNEST MORGAN, chair- 
man of the Tennessee Valley Author- 
ity, was born at Cincinnati 1878 and 
has the unique distinction of being 
an outstanding engineer and a college 
President without having had to bother 
with a college ed ti In 1923 the 
University of Colorado conferred upon 
him the title of Doctor of Science. 
Following graduation from high school 
and a number of years in engineering 
work in Minnesota, supervising engi- 
neer in a number of drainage investi- 
gations and was in charge of the de- 
sign for a number of reclamation pro- 
jects for the government in the south- 
ern states. From 1915 until his ap- 
pointment to the T.V.A., Dr. Morgan 
was president of the Dayton-Morgan 
Engineering Co. Probably his best 
known work was as chief engineer of 
the Miami Valley system of dams to 
prevent the recurrence of the Dayton 
flood which caused such damage and 
loss of life in 1913. He was appointed 
president of Antioch College in 1922. 






















more liberal provisions of the National Recovery Act. 
Tentative allotments were made for a score of such 
projects while a skeleton PWA organization was being 
set up and field representatives appointed. 

In addition to the National Planning Board work- 
ing on a long term national planning campaign and 
codperating with the State and Regional Advisory 
boards and local agencies, the PWA has a number of 
other divisions as units of the central organization. 
Among these are: the Labor Board to codperate with 
the Department of Labor and advise and assist the 
Administrator as to the requirements of contracts in- 
sofar as they affect labor; and the Technical Board 
of Review. To this board are referred projects ap- 
proved in principle by the Administrator but of an 
unusual character, perhaps involving difficult ques- 
tions of engineering, finance or law, and projects of a 
controversial character for the hearing of objectors. 
Labor policies to be pursued are definitely set forth 





tained through local employment agencies designated 
by the United States Employment Service. 

Preference shall be given, where they are qualified, 
to ex-service men with dependents, and then in the 
following order: (a) To citizens of the United States 
and aliens who have declared their intention of becom- 
ing citizens, who are bona fide residents of the political 
subdivisions and/or county in which the work is to be 
performed, and (b) to citizens of the United States 
and aliens who have declared their intention of becom- 
ing citizens, who are bona fide residents of the State, 
Territory, or district in which the work is to be per- 
formed. 

Rules for contract provisions set down by the Presi- 
dent state: ‘‘There shall be no requirement in any 
construction contract providing price differentiations 
for or restricting the use of materials to those pro- 
duced within the Nation or State, provided, however, 
that preference shall be given to the use of materials 
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Some of the Non-federal PWA Projects Involving Power Development 
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produced under codes of fair competition, if prices, 
quality, and quantities available are satisfactory to the 
Administrator or to the agency of the United States 
executing the contract. 

The above provision, insofar as it prohibits restric- 
tion of materials to those produced within the Nation, 
does not apply to Federal contracts and it is somewhat 
narrowed by fusther instructions which provide that: 
‘*To the extent that it is feasible and practicable and 
does not involve higher costs, inferior quality or in- 
sufficient quantity, it is the policy of the Administrator 
that local materials should be used.’’ 


BULLETINS ISSUED BY THE FEDERAL EMERGENCY AD- 
MINISTRATION OF PUBLIC WORKS, INTERIOR 
DEPARTMENT, WASHINGTON, D. C. 

NaTIONAL INDUSTRIAL Recovery Act, Public-No. 67—73d Congress. 

R. 5755. June 1, 1933. 
The Purposes, Policies. Functioning and Organ- 
The Rules Pre- 





OES 


CrrcuLar No. 1. 
ization of The Emergency Administration. 
scribed by the President, July 31, 1933. 

Circutar No. 2. Information Required with Applications for Loans 
to States, Counties, Municipalities, and Other Fublic Bodies. 
August 1, 1933. 

Circutar No. 8. Information Required with Applications for Loans 
to Private Corporations. (Other than loans for housing 
projects and for projects for the protection and develop- 
ment of forests and other renewable natural resources.) 
August 10, 1923. 

Circutak No. 4. Information Required with Preliminary Applica- 
tions for Loans for Low-Cost Housing or Slum Clearance 
Projects. August 11, 1933. (Revised October 25, 1933.) 

Crrcutak No. 5. Information Required with Application for Aid 


in the Financing of Railroad Maintenance and Equipment, 
Railroad Highway Crossing and Other Projects, Under the 
National Industrial Recovery Act. 3. 
BULLETIN No. 1. 
of Reports on ;) Se) gg for Loans, 


November 25, 193 

Instructions to State Engineers for Preparation 

and Outline of Re- 

x a 10, 193 
General Information and Instructions for State 
yo Rnd Boards and State Engineers (P.W.A.). (These in- 
structions supersede any - instructions previously issued 
under authority of the administrator which may conflict 
herewith.) September 12, 1933. 

BuLLETIN No. 51. Information Relating to the Negotiation and 
Administration of Contracts for Federal Projects Under 
Title II of the National Industrial Recovery Act. Part I. 

. Instructions to Contracting Officers. Part II. Instructions 
to Bidders and Contractors. (These instructions supersede 
any instructions previously issued under authority of the 
— which may conflict herewith.) September 7, 


ports. 
BuL.LetiIn No. 


Definite instructions for the administration of vari- 
ous offices, the filing of applications and the handling 
of applications by various divisions of the PWA are 
well covered by a comprehensive series of bulletins 
issued by the Federal Emergency Administration of 
Public Works, Interior Department, Washington, D. C., 
and listed on the previous page. Obviously it is im- 
possible to explain the detailed operation of such a 
large organization in limited space nor would the 
duplication be justified. 

A few representative projects approved before the 
end of 1933 are listed in the accompanying tabulation. 
Such allotments vary from a few hundred dollars for 
repairs up to millions for new projects. The diversified 
application of power services are apparent from a 
glance at the list. These are, of course, arbitrarily 
selected and unrelated projects. Each project may 
have many connecting links, however, as provided by 
the planning boards. For instance the water works 
project for Springfield, Ill., is but one part of a devel- 
opment that includes a water supply for neighboring 
cities such as Chatham, Pawnee, Divernon, Girard and 
Virden, each of which has received allotments varying 
from $63,000 to $299,000 for water distribution sys- 
tems, tanks, pumping plants and mains to connect with 
the Springfield system which will be used as the source 
of supply. 
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Columbia River— 


The Nation’s Largest 
Power Pool 


NDER THE IMPETUS given to public work con- 
struction by the present-Federal Administration 
active work has been started on a comprehensive de- 
velopment of the Columbia River which, with its tribu- 
taries, is susceptible of being developed into the great- 
est system of water power in the United States. 

The Columbia River is about 1210 mi. long, about 
748 mi. lying between the Canadian border and mouth 
of the Snake River. The river proper may be divided 
into three parts: the tidal section extending about 
140 mi. up the river, extremely important. to naviga- 
tion and commerce; the middle section, about 180 mi. 
long, extending from tidewater up to the mouth of 
the Snake River, of potential importance to naviga- 
tion; the upper section from the Snake River to the 
international boundary, and of no importance to navi- 
gation. About 1190 ft., or somewhat over 90 per cent 
of the total drop at low water can be utilized for power 
generation. 

Both the Army Engineers and the Bureau of Recla- 
mation have thoroughly studied the river from the 
viewpoint of navigation, irrigation and power and 
their reports are in virtual agreement. The present 
plan allows for ten power developments which are, as 
indicated in Fig. 2, listed from the boundary down: 
1, Grand Coulee (Columbia River Dam); 2, Foster 
Creek; 3, Chelan; 4, Rocky Reach; 5, Rock Island 
Rapids ; 6, Priest Rapids; 7, Umabella Rapids; 8, John 
Day Rapids; 9, The Dalles; 10, Bonneville. 

The ultimate development, calling for some 8,000,- 
000 kw. installed, has an estimated cost of about $711,- 
000,000. Such a system would develop over 92 per 
cent of the available head, each dam, with one excep- 
tion, toeing against the preceding one. The one excep- 
tion is a loss of about 75 ft. between Priest Rapids and 
the mouth of the Snake River where it would be im- 
practical to flood the surrounding country and towns. 

Of these 10 power developments (there are a num- 
ber of other purely storage and navigation proposals) 
one, Rock Island! has been developed by a private 
company (The Puget Sound Power & Light Co.) and 
two others are being developed by the Federal Gov- 
ernment. Curiously enough these are the first and 
last dams on the river. The Big Coulee Project being 
earried on by the Bureau of Reclamation, will even- 
tually back the water up to the international boundary 
while the Bonneville Dam, being built by the War De- 
partment, will carry down to tidewater. 

This latter dam, for which there are several pos- 
sible locations in the few miles between Warrendale, 
Ore., and Cascade Rapids, has finally been located 
across Bradford Island with the power plant on the 
Oregon side at the village of Bonneville. As shown by 
Fig. 4 the dam proper is about a mile upstream across 
the main channel on the Washington side. 


1See Power Plant Engineering, May 1, 1931, 516; May 1, 
1932, p. 390. r - af 
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FIG. 1. THE UPPER COLUMBIA RIVER AT THE SITE OF 
THE COLUMBIA RIVER DAM OF THE GRAND COULEE 
PROJECT 


This dam will raise the low water level about 72 ft. 
flooding Cascade Rapids and allowing navigation up 
to the Dalles 44 mi. above. Both of these rapids were 
formed by the Columbia cutting through the Cascade 
Range of mountains which run north and south paral- 
lel with the coast line. The dam is about 20 mi. north 
of Mt. Hood and about 40 mi. east of Portland, the 
largest potential market for the available power. 

Grand Coulee Project of the Bureau of Reclama- 
tion is the most extensive project yet undertaken, 
dwarfing even Boulder Dam. When completed it will 
affect directly about a quarter of the state of Wash- 
ington, bringing 1,200,000 acres under irrigation and 
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FIG. 2. THE COLUMBIA RIVER BASIN SHOWING THE LO- 

CATION OF THE 10 POWER PLANTS. THE SHADED AREA 

SHOWS THE INFLUENCE OF THE ULTIMATE DEVELOP- 
MENT OF THE GRAND COULEE PROJECT 


supplying 8 billion kw-hr. of power yearly. The total 
cost amounts to $394,155,000, about half of which will 
be for the Columbia River Dam and power plant. 

The final dam shown by Fig. 3, will rise 450 ft. 
above the foundation and will back the water up 151 
mi. to the Canadian border. An installed capacity of 
1,780,000 kv-a. would operate under a maximum head 
of 365 ft. About 1,275,000 hp. would be firm power and 
will be sold, the secondary power being used by a 
16,000 sec. ft. pumping station lifting the water from 
the Columbia River to the Grand Coulee Reservoir 
against a maximum head of 365 ft. 

Grand Coulee Reservoir, as shown by Fig. 2, is to 


Note - Assumed rock contours are shown dotted 
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FIG. 3. 


THE HIGH COLUMBIA RIVER DAM, POWER HOUSE AND PUMPING STATION AT GRAND COULEE AS SHOWN 


BY PRELIMINARY PLANS OF THE BUREAU OF RECLAMATION 
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be formed by damming both ends of the Coulee, a nat- 
ural reservoir from 2 to 6 mi. wide, and 30 mi. long 
with walls from 400 to 600 ft. high. Water so pumped 
would be used for irrigation as far south as the Snake 
River as indicated by the shaded area. 

Plans for the present development, which is solely 
a power project, provide for a 251 ft. dam and a power 
plant with twelve turbine units giving a total installed 
capacity of 450,000 kv-a. The maximum head will be 
183 ft. Firm power is estimated at 335,000 hp. Firm 
power and surplus power are to be sold at 2.25 and 0.5 
mill per kw-hr. respectively. 

The dam will create a lake in the river about 50 
mi. long. The preliminary design is based on a mul- 
tiple arch dam, across the river section and up the 
right abutment, approximately 2330 ft. long, and a 
mass concrete gravity section, on the left side of the 
river and left abutment, 1100 ft. long, giving a total 
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length of 3430 ft. An uncontrolled ogee crest spillway 
1950 ft. long occupies the river section of the multiple 
arch portion of the dam and has a discharge capacity 
of 1,000,000 see. ft. The estimated cost of the initial 
development is as follows: Dam, $40,097,331; power 
plant, $19,137,971; interest during construction, 
$2,963,894; total, $62,199,196. 

A contract dated June 30, 1933, between the United 
States and the Columbia Basin Commission of the State 
of Washington, provided for $377,000 for field investi- 
gations and the preparation of plans and estimates. 
The project was approved for construction by the Fed- 
eral Emergency Administration of Public Works and 
the Public Works Administrator has authorized $63,- 
000,000 to the Interior Department for expenditure by 
the Bureau of Reclamation, $15,000,000 thus being 
available for immediate use. Preliminary work is un- 
der way and it is hoped that construction work can be 
started in the spring of 1934. 
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ALCOVA CANYON WHERE A DIVERSION DAM WILL BE BUILT ON THE NORTH PLATTE RIVER 


Steam and Hydro Developments 
Cover all Sections of Country 








Boulder Canyon, Parker Dam, All American 
Canal, Seminoe Dam, Verde Valley, Navy and 
Treasury Department Projects Add to Total 
Expenditures For Power Developments 





LTHOUGH spectacular developments like those in 
i the Tennessee and Columbia Valleys receive the 
lion’s share of attention, other federal projects well 
scattered over the country must not be forgotten. 
Hoover Dam construction is being carried along 
steadily and will greatly influence the southwest. 
Closely related to this is the Parker Dam to develop 
electric power for pumping water across California to 
Los Angeles; the All-American Canal to supply water 
to Imperial Valley and incidentally develop by-product 
power at six plants, and the Verde Valley project with 
eight power and 50 pumping plants. 

In Wyoming, Seminoe Dam, and in Montana Ft. 
Peck Dam will add appreciable power reserves in those 
districts while two Navy Department power plants and 
the new Washington heating plant places three sizable 
plants in the eastern district. The national importance 
of any single project is well illustrated by an analysis 
of the money spent by the Metropolitan Water District 
of Southern California. This is purely a local project 
to take water from the Colorado River 241 mi. to thir- 
teen cities in Southern California. More than 73 per 
cent of the money spent has been spent outside of the 
state of California. Over $100,000,000 will eventually 
be spent outside the state in this apparently local 
project, practically every state in the Union sharing 
in the division. 


84 


Work on Boulder Dam! is proceeding rapidly. as 
shown by the photograph opposite the editorial. page. 
Turbine, generator and auxiliary equipment have been 
purchased for the initial units. This dam is of the con- 
crete arch gravity type, rising 700 ft. above the founda- 
tion, a crest length of 1180 ft., a base thickness of 650 
ft. and will contain 3,400,000 cu. yd. of concrete. Plans 
provide for fifteen 115,000 and two 55,000-hp. units 
giving a total installed horsepower of 1,835,000 hp. 
The appropriation authorized is $165,000,000. For the 
coming year $28,000,000 for construction and $10,000,- 
000 for power plant machinery has been authorized 
from PWA funds. This work is being carried on under 
the Bureau of Reclamation. 


ParRKER Dam, CLOSELY RELATED TO BouLDER CANYON 
PROJECT 


Downstream from Boulder Dam the Metropolitan 
Water District of Southern California will build the 
Parker Dam, primarily to supply power for pumping 
water to the Los Angeles district. This dam and power 
plant is being designed by the Bureau of Reclamation. 
The power generated will go half to the Metropolitan 
Water District and half te the Reclamation Depart- 





1Hydraulic Equipment. for Hoover Power Plant, Power Plant 
Engineering, Mar., 1933, p. 124. 











ment to be used for pumping water for the Parker- 
Gila irrigation project. 

The dam, shown by Fig. 3, will create a reservoir 
of 717,000 cu. ft. with water surface at elevation 450 ft. 
The power station located on the California side about 
800 ft. below the dam will have an installed capacity 
of 80,000 kv-a. in four units. The maximum head will be 
85 ft. There will be five pumping stations with average 
heads of from 129 to 577 ft. and average capacities in 
the neighborhood of 1500 sec. ft. In addition there 
will be one return power plant which will operate un- 
der a head of 406 ft. and an average flow of 1355 sec. 
ft. An installed capacity of 46,398 kw. here is ex- 
pected to return 314,770,000 kw-hr. annually to the 
system. Cost estimates for this project are: $2,500,000, 
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FIG. 1. SOUTHWEST TERRITORY SHOWING THE LOCATION 
OF BOULDER CANYON, ALL AMERICAN CANAL, PARKER 
DAM AND VERDE VALLEY PROJECTS 


investigation and design; $13,058,000, dam; $146,222,- 
000, aqueduct; $37,838,000, pumps, power plant and 
equipment ; $199,618,000, total. 


Att AMERICAN CANAL 


Lower down on the Colorado River the All-Ameri- 
can Canal is already under construction. This canal 
will carry water from a new diversion dam on the 
Colorado River to Imperial and Coachells Valleys and 
incidentally generate considerable by-product power 
at several favorable drops, as indicated on Fig. 1. The 
first of these, Syphon Drop, built several years ago, 
develops about 1000 kw. under a head of 10 ft. At 
Pilot Knob the drop is 60 ft. and 7.095, 25.340, 26.474 
and 48.157 ft. respectively for Drops Nos. 1, 2, 3 and 4. 
At these various locations the higher heads available 
would be more than counterbalanced by the smaller 
flows. Due to diversions along the line, 15,000 sec. ft. 
at Syphon Drop would decrease to 13,000 sec. ft. at 
Pilot Knob, to 8000 sec. ft. at Drop 1 and beyond. 
These power developments are still in the future. For 
the present concrete chutes will be put in the canal in 
such a way that the power plant can be superimposed 
later. This is a $27,000,000 project and $6,000,000 
PWA money has been alloted for the coming year. 


VERDE VALLEY 


Verde Valley in Central Arizona is also being de- 
veloped in a combined power and irrigation project, 
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the first unit of which, Camp Verde Dam, has been 
approved. The estimated cost is $10,912,000 of which 
$4,000,000 is available during 1934, $3,500,000 for Camp 
Verde Dam and reservoir, and $500,000 for surveys. 
Of the total estimate, $6,828,000 is allowed for dams, 
$5,304,000 for power plants and $6,780,000 for canals 
and pumping plants. The final development calls for 
8 power plants and 50 pumping plants. At present 
only four plants, Camp Verde and Horseshoe Dams 
and Harris and McDowell power canals are planned. 

This project is in the Verde Valley north of Salt 
River as shown by Fig. 1. The first dam at Camp 
Verde will make a 950,000 a. ft. reservoir, the second 
known as Horseshoe Dam and located 40 mi. down 
stream will have a capacity of 240,000 a. ft. and the 
third, New River Reservoir 83,000 a. ft. The Cove 
Creek flood control reservoir above Phoenix is avail- 
able for the project. The final development will put 
an 85,000 a. tract about 22 mi. long and 10 mi. wide 
under irrigation where needed. Power generated will 
be used for pumping and the surplus sold. 


SEMINOE Dam 


In Wyoming, the Bureau of Reclamation is also 
proceeding with the Caspar-Alcova project, a $22,700,- 
000 development on the North Platte River for which 
$12,000,000 has been made available from PWA funds. 
The irrigation plan includes an earth and rock filled 
diversion dam across the North Platte about 10 mi. 
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LONGITUDINAL SECTION 
FIG. 2. BOULDER CANYON DAM AND POWER PLANT 


below the present Pathfinder Dam and 32 mi. above 
the city of Caspar. The structure, rising 235 ft. above 
the base of the concrete case wall will raise the low 
water level 169 ft. This dam site is shown by Fig. 5. 
Above the Pathfinder Reservoir Seminoe Dam will 
be built primarily to provide an annual power output 
of 150,000,000 kw-hr. The site of the dam, shown in 
the headpiece, lies in a narrow gorge in Granite Canyon 
about 33 mi. northeast of Rawlins. A gravity type con- 
crete dam will raise the water level 190 ft. and will 
provide a storage capacity of 910,000 a. ft., 60,000 of 
which will be used to maintain a minimum power head 
of 93 ft. The balance will be used to regulate the 
stream to produce a uniform power output of 18,100 
kw. It is estimated that local load conditions would 
necessitate an installed capacity of 38,400 kw. in order 
to market the average output. Preliminary estimates 


85 





POWER PLANT February 
ENGINEERING 1934 


M137 hy @ Generate’ 


(4000 AP Tyrowe 
947 PM 





'\ Wi 
Ki 


Q 
)) SS 
1) NN 

y 


UCAS 

oe 
NOS ii 
TWA \\. 





FIG. 3. PARKER DAM AND POWER PLANT IS CLOSELY RELATED TO BOULDER CANYON PROJECT 
THE SMALL SECTION IN THE LOWER LEFT HAND CORNER IS ONE OF THE PUMPING PLANTS 


are: Dam, $3,750,000; power plant, $2,280,000 ; investi- 
gations and right of way, $130,000; total, $6,160,000. 


Fort Peck 


Still further north, in Montana, the War Depart- 
ment has been allotted $15,500,000 to start work on the 
$60,000,000 Fort Peck Dam and power plant. The 
primary purpose of the dam, located on the Missouri 
River 11 mi. above the mouth of the Milk River, is to 
form a 17,000,000 a. ft. reservoir to be used during low 
water periods to make navigation on the upper reaches 
feasible. The earth fill dam shown by Fig. 4 will be 
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231 ft. above the stream bed and will form a reservoir 

175 mi. long with an area of 332 sq. mi. The left bank 
spillway has a capacity of 200,000 sec. ft. Four 28 ft. 

tunnels will take water to the power house where a 

total of 532,000 hp. will eventually be installed. 


Navy DEPARTMENT 


Two large allotments were made to the Navy De- 
partment for major power plant operations. One for 
$325,000 contemplates the dismantling at the Naval 
Ordnance Plant, Charleston, W. Va., of six 800-hp. 
boilers and their re-erection at the Navy Yard, Wash- 
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FORT PECK DAM ON THE UPPER MISSOURI RIVER WILL BE USED FOR NAVIGATION AND POWER 








SEMINOLE DAMSITE ON THE NORTH PLATTE 
RIVER 


FIG. 5. 


ington, D. C., together with the remodeling of the 
multiple retort underfeed stokers now installed under 
these boilers and certain other incidental power plant 
work. Aside from the acceptance tests made on these 
boilers at Charleston, they were never operated and 
are consequently in practically new condition. They 
will replace fifteen 300-hp. boilers at the Washington 
Navy Yard which have been installed for some 25 yr. 
This work has been placed under contract. 

The other appropriation of $525,000 for Annapolis 
contemplates the modernization of the power plant and 
electrical distributing system at the Naval Academy 
and includes the purchase of two alternating current 
turbo-generators and remodeling of an existing direct 
current turbo-generator to make it suitable for the 
generation of alternating current; the purchase of new 
boilers to operate at 400 lb. steam pressure and replace 
a number of old boilers, the operating pressure on 
which is limited to 150 lb. Additional work will in- 
clude the conversion of the direct current distributing 
system to an alternating current system. Contract has 
been awarded for the new turbo-generators and for 
the remodeling of the existing turbo-generator and 
bids will be requested shortly for the boiler room work 
and for the outside electric distributing system. 

Four 301-hp. 200 lb. boilers have recently been in- 
stalled at the U.S. Soldiers’ Home in Washington, D.C. 
They are of the longitudinal drum type, each set over 
a refractory furnace fired by three natural draft oil 
burners. The two bottom rows of tubes are fully ex- 
posed to radiant heat, the balance of the bank being 
baffied for three pass with a superheater (125 deg. F. 
at 150 per cent rating) located above the tube bank 
of the first pass. 

For heating a-large section of the Capitol district 
a new heating plant has been completed under the 
jurisdiction of the Supervising Architect, Treasury 
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Department. This new plant has six 250,000 sq. ft., 
400 lb. cross drum boilers fired by multiple retort 
stokers with a grate area of 485 sq. ft. each. Side 
walls are cooled by 11 rows of tubes paralleling the . 
stoker, the lower seven being covered with cast-iron 
blocks. The back wall is cooled by 4-in. tubes spaced 
on 7 in. centers, the lower part covered by cast-iron 
blocks up to the same level as the side wall blocks. 
The front wall and upper portion of the side walls are 
air cooled. The peak load of 237,000 lb. per hr. cor- 
responds to about 32,000 B.t.u. per cu. ft. of furnace 
volume or about 43 lb. per square foot of projected 
grate area. 

Induced draft fans, capacity equivalent to 80,000 
e.f.m. at 70 deg. F., are driven by steam turbines and 
the induced draft fans, capacity 170,000 c.f.m. at 600 
deg. F., by double motor drives, a small slip ring motor 
on one end of the shaft for low speeds and a large 
squirrel cage motor on the other for speeds above 350 
r.p.m. Two 1250-kw. house turbo-generators are pro- 
vided for heat balance purposes. 

Steam for heating, cooking and laboratory work at 
pressures up to as high as 125 lb. is supplied through 
a new tunnel system to buildings within a radius of a 
mile or a mile and a quarter. Makeup is expected to 
be high, around 40 per cent and a hot process softener 
has been installed. Both turbine and motor driven 
boiler feed pumps are used. 

The plant exterior designed to conform with the 
surrounding architecture is unusually pleasing, due 
rerhaps to the combination of graceful modern lines 
to the building and the shielding of the stacks. 


BOILER 
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FIG. 6, CENTRAL HEATING PLANT IN WASHINGTON, D. C. 
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Tennessee Valley Authority— 
A National Experiment 





Central Authority Created to Coordinate 
Agricultural Navigation and Sociological 
Demands in Tennessee Valley with Electric 
Power as the Backbone of the Program. 





JERHAPS no single act of the present administra- 

tion is destined to have the far reaching social and 
economic importance as the passage of the Tennessee 
Valley Authority Act. Certainly none will have a 
greater effect on the power industry or do more to 
establish the dependence of our modern civilization on 
electric power. The Authority is organized as a cor- 
poration, with, in the words of the President, ‘‘the 
power of a government but possessed of the flexibility 
and initiative of a private business.’’ With the war- 
time Muscle Shoals development as a nucleus, the gov- 
ernment is virtually set up in the power business but 
under a policy well defined as part of a larger and 
national plan. 

Said Director Lilienthal: ‘‘This power program is 
a constructive measure. Congress has not declared a 
national poiley against the private ownership and oper- 
ation of public utilities. It has rather provided for an 
additional measure of public protection against abuses 
in the conduct of a business which, by its very nature, 
is a matter of fundamental public concern. What the 
Authority is required to do in its power program is to 
set up an area for power operations which will be on 
a comparable basis with typical private operations.’’ 

As a laboratory for the making of this yardstick by 
which the Nation’s power industry is to be measured 
and, as intimated, chastised, the Tennessee Valley has 
been chosen. Under the direction of the War Depart- 
ment this river and its tributaries have been completely 
surveyed and made part of the most complete and com- 
prehensive hydro-electric development ever conceived 
in this country. In many ways Nature was generous 
to this valley. Foreseeing, perhaps, the part that power 
was to play in rehabilitating the country after man 
and the elements conspired to ruin it, she provided 
many tributaries with their sources high up in the 
mountains of the Appalachian Range and with valleys 
such that pools could be formed without flooding too 
much territory. 

Army engineers in making the survey left hardly 
a foot of available power drop unutilized. On tribu- 
taries and on the main stream one dam toes against 
the one above some 149 hydro-electric plant sites being 
available on some 3360 mi. of river and tributaries. In 
addition to Muscle Shoals, which is already in, seven 
sites are available on the main stream as shown by the 
maps and listed in the accompanying table. 
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POSSIBLE POWER DEVELOPMENTS ON THE TENNESSEE 
; RIVER 








Mi. Head Firm No. C’p’city Estimated 
Above in Power of of Total 
Development Mouth Ft. Kw. Units Units Cost 
Aurora Landing ... 43 41 194,300 22 18,270 $49,876,798 
Pickwick Landing.. 206 195,200 19,800 45,560,61 
Joe Wheeler (No. 3) oo 8 


97, 
117,200 

68,200 

56,600 


19,600 


29,277,550 
16,869,120 





Estimates for these allow for 901,600 kw. of firm 
power in 108 units at a total cost of $248,926,706. In 
addition there are sites for some 300 units costing 
$704,973,347 on the tributaries. Under controlled flow 
the system could produce 3,000,000 kw. of firm power. 
The main developments in this proposed system, as laid 
out by the Army Engineers, are shown on the attached 
map. 

This map also shows the extent of the Tennessee 
River watershed, the territory coming within the scope 
of the Authority. For the present, activity will be 
confined to three sections, Northwest Alabama and 
Northeast Mississippi in the vicinity of Muscle Shoals; 
a triangular section north and west of Knoxville in the 
Cove Creek district of Tennessee; the strip bordering 
a tie line between the other two. Under a contract 
made with the Commonwealth & Southern Corp. Janu- 
ary 4, company properties in some 20 counties in the 
three states mentioned will be taken over by the 
Authority. The contract includes an interchange 
agreement on a sliding scale ranging from 1.08 to 3.6 
mills per kw-hr. 

To a certain extent the power program of the 
Authority hinges on the war time development at 
Muscle Shoals of which Wilson Dam and power plant 
are the most important. Muscle Shoals development 
for navigation, power and regulation consists of a 
series of three dams: No. 1, farthest down stream is a 
low lying barrier which is used for navigation only and 
raises the water about 10 ft.; Dam No. 2, the well 
known Wilson Dam, is about 214 mi. upstream while 
Dam No. 3, the Joe Wheeler Dam, is 18 mi. above Dam 
No. 1. 

Wilson Dam, designed by Hugh L. Cooper & Co., 
is 137 ft. high and together with locks, switchhouse 
and abutment structures measures almost 5000 ft. in 











installed capacity of 260,000 hp. There is room for 
20 more units, the potential capacity being somewhat 
in the neighborhood of 870,000 hp. It was started 
during the war but was not completed until the fall 
of 1926." 

Construction of Joe Wheeler Dam 1414 mi. above 
will double the firm power from Wilson Dam power 
plant and offer an additional potential power supply 
of some 172,900 kw. when and if needed. This dam, 
named after the famous Civil and Spanish-American 
War veteran is now under construction. It will be 
50 ft. in height and 6000 ft. in length, forming a reser- 
voir 100 sq. mi. in area and backing the water up about 
80 mi. to Buck Island. Cost of the dam without the 
power house is about $15,000,000. 

The other dam being built by the Authority as part 
of the present program is at the junction of the Clinch 
and Powell Rivers. This damsite formerly known as 
Cove Creek has been renamed Norris Dam and is 
already under construction. It is named in honor of 
Senator Norris of Nebraska who for ten years has kept 
the Muscle Shoals question alive and active. Design 


length. Four 30,000 and four 35,000-hp. units give an 
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of both dams is being done for the Authority by the 
Bureau of Reclamation. 

In many ways Norris Dam is considered the key 
development on the system as the potential storage on 
these streams is some 23.3 per cent of the entire sys- 
tem. Norris Dam, about 220 ft. high, will form an 
8314 sq. in. reservoir and is primarily of importance 
for flood control and regulation purposes. Potential 


power possibilities of the site have been estimated as © 


160,000 kw., part of which will be developed later, 
probably going into service around the fall of October, 
1938. In the meantime, a 226-mi. power line is being 
built from Wilson Dam to the Norris Dam for construc- 
tion purposes. A second line will be built later and 
both will remain as tie lines between the two develop- 
ments when completed. 

From a power standpoint the policies of the Author- 
ity are much more important than their engineering 
plans. The Authority was created by act of Congress 
May 18, 1933, and the governing board of three direc- 
tors were soon after appointed by the President. 
Arthur E. Morgan was appointed chairman, the other 
two members being Harcourt A. Morgan and David 
K. Lilienthal. Much of the work of the corporation 
will of course be concerned with things other than 


1See page 832, Aug. 1, 1927. 
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power but it is upon the power potentialities that the 
entire program hinges. The corporation, by supplying 
cheap power, hopes to do two things: first, to make a 
yardstick with which to measure the ability, or desire, 
of private companies to supply power at a reasonable 
price to small consumers; second, to prove if the do- 
mestic load can be built up to at least two or three 
times its present size. 

David E. Lilienthal, director in charge of power 
development, said: ‘‘We must begin thinking in terms 
of an electrified America, and cast aside the tradition 
which is binding us to our present niggardly use of 
electricity. Our entire electric rate structure must be 
re-examined and drastically revised. Electric-using 
appliances must be put into the homes and on the 
farms on a scale heretofore not successfully attempted. 
All the forces of business, scientific and engineering 
ingenuity and technique must be concentrated upon 
the problem of reducing certain of the costs of opera- 
tion. The people of the country must be brought to 
realize that there is a pool of electricity lying idle, 
ready and waiting to be used, and to realize what elec- 
tricity can do in lightening their burdens, in increasing 
their incomes and making for a richer and better life.”’ 

The Authority is concerned with the power de- 
velopment of the valley region as a whole. It is author- 
ized to construct such dams in the area as it deems 
necessary, and to generate and distribute power. 

On August 25, 1933, the Authority announced its 
power policy as: (1) The business of generating and 
distributing electric power is a public business. (2) 
Private and public interests in the business of power 
are of a different kind and quality and should not be 
confused. (3) The interest of the public in the widest 
possible use of power is superior to any private interest. 
Where the private interest and this public interest con- 
flict, the public interest must prevail. (4) Where there 
is a conflict between public interest and private inter- 
est in power which can be reconciled without injury to 
the public interest, such reconciliation should be made. 
(5) The right of a community to own and operate its 
own electric plant is undeniable. This is one of the 
measures which the people may properly take to pro- 
tect themselves against unreasonable rates. Such a 
course of action may take the form of acquiring the 
existing plant, or setting up a competing plant, as cir- 
cumstances may dictate. (6) The fact that action by 
the Authority may have an adverse economic effect 
upon a privately-owned utility, should be a matter for 
the serious consideration of the Board in framing and 
executing its power program. But it is not the de- 
termining factor. The most important considerations 
are the furthering of the public interest in making 
power available at the lowest rate consistent with 
sound financial policy, and the accomplishment of the 
social objectives which low cost power makes possible. 
The Authority cannot decline to take action solely upon 
the ground that to do so would injure a privately- 
owned. utility. 

Every effort will be made by the Authority to avoid 
the construction of duplicate physical facilities, or 
wasteful competitive practices. Accordingly, where 
existing lines of privately-owned utilities are required 
to accomplish the Authority’s objectives, as outlined 
above, a genuine effort will be made to purchase such 
facilities from the private utilities. 
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New Municipal Power Plant 


at 
PIQUA, 
OHIO 





NE OF THE MOST modern 

steam electric municipal power 
stations of its size ever built went 
into service recently at Piqua, Ohio. 
This plant is of interest not only 
because of its excellent design but 
also because of the interesting stud- 
ies made by the Burns and MecDon- 
nell Engineering Co. of Kansas 
City, Mo., preliminary to its con- 
struction. This work included a 
close study between the steam and 
Diesel type of plant and bids were 
actually taken on both types of 
plants before a decision was made. 

Piqua, Ohio, has a population of 
16,000. Investigation showed 5500 
consumers and an annual consump- 
tion of current of 11,000,000 kw-hr. 
The peak load was 3400 kw. It was 
assumed that in five years the population would in- 
erease to 16,900 and the number of consumers to 5830; 
the consumption to 13,992,000 kw-hr. and the peak 
load to 4290 kw. 

In the preliminary study two types of plants were 
considered, one consisting of two 4000-kw. steam tur- 
bine units and the other of four 1250-kw. Diesel units. 
The estimated cost of these two plants was as follows: 

Steam Plant Diesel Plant 
Building Building 
Boiler Equip. ... 155,500 Equipment 
Turbine Equip. .. 259,000 





Total $496,500 Total $460,500 
Cost per kw $62.00 Cost per kw..... $92.00 
The estimated operating cost for the two types of 
plants was as follows: 
Non-variable costs 
Steam Diesel 
$10,000 
7,200 
1,800 


Item 
Plant labor 
Maintenance 
Insurance 





$19,000 





With coal at $3.50 per t. the average annual fuel 
cost for the steam plant for the first 5 yr. was esti- 
mated at $78,500 while for the Diesel plant, with fuel 
oil at 4 cents a gal. and lubricating oil at 50 cents a 
gal., the average annual fuel cost for the same period 
was estimated at $61,190. Including the distribution 
systems, engineering and miscellaneous, the total cost 
of the plants was: 


Steam plant $803,200 
Diesel plant 765,500 


Without considering the various items involved it 
can be stated here that the total annual costs for the 
two plants worked out as follows: 

For the steam plant, $217,552 or 1.97 cents per kw- 
hr. sold. 

For the Diesel plant, $187,995 or 1.71. cents per 
kw-hr. sold. 

These figures show considerably in favor of the 
Diesel plant. The Diesel plant, however, only had a 
total capacity of 5000 kw. against the steam plant’s 
8000. This meant that with an increasing capacity re- 
quirement the Diesel plant would have to add new 
equipment before the steam plant did. It was upon 





this question of what the costs for the respective 
plants would be in future years that finally resulted 
in the adoption of the steam plant. In the final analy- 
sis, it was shown that for the first year the total annual 
charges of the Diesel plant were $228 less than for 
the steam plant, but after that, the charges against 
the Diesel plant were higher than the steam plant. In 
other words, though the Diesel engine showed the best 
results the first year, as the load factor improved and 
the steam plant was operating at more economical 
points, the balance was increasingly in favor of steam. 
In the fifth year, the cost of the Diesel plant was $2930 
more than that of the steam plant, and the total sav- 
ings effected by the operation of the steam plant over 
the Diesel plant was $6300. 

The plant proper was actually purchased for $421,- 
916. The total cost of the plant and the distribution 
system was approximately $700,000 or about $88 per 
kilowatt capacity. 

So much for the economies involved. The plant 
itself is housed in an attractive building of brick, con- 
erete and steel and is built on solid rock almost en- 
tirely above the surface of the ground. The entire 
plant, therefore, including the basement is well lighted 
and ventilated. The turbine-generators, boilers, stok- 
ers and fans are all on the second floor, all at the same 
level, and practically all in one room for there is no 
partition wall between the turbine and boiler rooms. 
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VIEW ON THE OPERATING FLOOR LOOKING 
TOWARD THE BOILERS 


FIG. 1. 


Two boiler units are installed. These are identical 
consisting of four drum heat tube boilers with welded 
drums with a heating surface of 6800 sq. ft. and a 
capacity of 60,000 lb. of steam per hour. They are de- 
signed for an operating pressure of 400 lb. per sq. in., 
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FIG. 2, FLOW DIAGRAM OF PIQUA PLANT 
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Principal Equipment at Piqua Plant 


Boilers—Two, 4-drum, bent tube; heating 
surface, 6800 sq. ft.; design pressure, 400 lb. 
per sq. in.; capacity 60,000 lb. of steam per 
hr. Combustion Engineering Co., Inc. 

Superheater—Two, Elesco convection 
1080 sq. ft. of surface, gas-touched; 7 
total steam temperature. The Superheater 
Company. 

Boiler Accessories —Tube Cleaners — La- 
gonda Manufacturing Company; Soot Blow- 
ers—The Bayer Company; Water Columns— 
Reliance Gauge Column Co.; Gauge Cocks— 
Paul B. Huyette Company; Boiler Steam 
Pressure Gauge—Crosby Steam Gage & Valve 
Company; Safety Valves—Consolidated Ash- 
eroft Hancock Company; Blowoff Valves— 
Yarnall-Waring Company; Miscellaneous 
Boiler Valves—Edward Valve & Mfg. Com- 
pany. Feed Water Regulators—Bailey Meter 
Company’s thermo hydraulic type witb dif- 
ferential pressure valve. 

Waterwalls—Bare-tube type installed in 
furnace side walls; heating surface 280 sq. ft. 
including waterbacks. Combustion Engineer- 
ing Co., Inc. e 

Boiler and Furnace Tubes—Glove Steel 
Tubes Company. 

Air Preheaters—Two, tubular; 2164 sq. ft. 
each. Combustion Engineering Co., Inc. 

Stokers—Two, Green chain grate; effective 
surface 187 sq. ft.; each designed to burn 
8500 lb. of coal per hr. at maximum rating. 
Combustion Engineering Corporation. 

Forced Draft Fans—Two, each 23,400 c.f.m. ; 
5 in, water. B. F. Sturtevant Company. 

Induced Draft Fans—Two, each 64,000 
c.f.m.; 3.5 in. water. B. F. Sturtevant Co. 

Arches—American Arch Company. 

Settings—Contractor—Ballard, Sprague & 
Company; brick and special tile for settings— 
General Refractories Co.; insulation for set- 
tings—Armstrong Cork & Insulation Com- 
parr: plastic insulation and refractory for 
settings—Refractory & Engineering Corpora- 
tion. 

Electric Motors—Allis-Chalmers Manufac- 
turing Company and The Elliott Company. 

Motor Controls—Cutler-Hammer, Inc. 

. Boiler Instrument Panel—Combustion En- 
gineering Co., Inc. 

Indicating and Recording Instruments— 


type; 
F. 


Steam pressure gage; steam flow and CO2 
recorder; steam temperature and pressure 
recorder; air temperature recorders; gas tem- 
perature recorders; multiple draft gage. Re- 
public Flow Meters Company. Recording 
thermometers and pressure gages, Taylor In- 
strument Co.; Flow meters, Bailey Meter Co.: 
Instrument panels of heat balance equipment, 
Foxboro Co. 

Turbine-Generators—Two, condensing type, 
4000 kw., 5000 kva., 400 lb. per sq. in.— 
4000 v., 3600 r.p.m. generators; direct-con- 
nected, 125 v. exciters. Elliott Company. 

Condensers—Two, 6000 sq. ft., cast-iron 
shell surface, using % in. by 16 ft. admiralty 
metal tubes; two-stage, double-unit air eject- 
ors with I-A condenser, Worthington Pump 
& Machinery Corporation. 


Bleeder Check Valves—Oil operated. Schutte 
& Koerting Co. 

Crane—One, 30-ton, single-motor. . Whiting 
Corporation. 

Boiler Feed Pumps—One, 125 g.p.m., 1100-ft. 
head, 4-stage, 3600 r.p.m., with motor drive; 
one, same as above, with turbine drive. De 
Laval Steam Turbine Company. 

Condensate Pumps—Two, 110 g.p.m., 1160 
r.p.m., 2-stage, motor driven. Worthington 
Pump and Machinery Corporation. 

Circulating Water Pumps—Two, 6500 g.p.m., 
870 r.p.m., single-stage, motor driven. Worth- 
ington Pump and Machinery Corporation. 

Coal and Ash Handling Equipment—One, 
15 ton per hr., 27 cu. ft. skip hoist, 240 cu. ft. 
truck hopper, 2600 cu. ft., overhead catenary 
coal bunker; 2000 Ib. larry with motor drive. 
Jeffrey Manufacturing Company and Fair- 
banks, Morse & Company scale. One, 1200 cu. 
ft., overhead catenary ash bunker, ash cars, 
trucks and arrangement for hoisting ashes on 
coal skip Jeffrey Manufacturing Company. 
Two, 315 cu. ft., cast-iron plate with water 
collection gates. Allen-Sherman-Hoff Com- 
pany. Two, Fairfield portable coal conveyors 
for yard storage. 

Switchboard — Allis-Chalmers Manufactur- 
ing Co. 

Piping—Pittsburgh Piping & Equipment Co., 
special valves by Edward Valve & Manufac- 
turing Company, Schutte & Koerting Com- 


pany, and Fisher-Governor Company. Arm- 
strong traps. Sharples, oil purifier, Pitts- 
burgh Piping & Equipment Company crease 
bends, 

Insulation—All insulation by The Eagle 
Picher Lead Co. Air preheaters, induced draft 
fans and ducts covered with 2-in. Eagle “66” 
Plastic and finished with a layer of %-in. mix- 
ture of Eagle “20” Asbestos and Portland 
cement. Eagle “55” insulating blocks of spe- 


/ ecified thickness used on following equipment: 


Deaerating heater and storage tanks, 1% in. 
surge tanks, 1 in.; blowoff tanks, 144 in.; four 
steel ducts, 1% in.; closed feedwater heaters, 
1% in. All steam piping, feedwater lines, etc., 
were insulated with Eagle ‘55” pipe insula- 
tion in two layers. For the main steam head- 
ers the inner thickness was 1% in. and the 
outer 2% in. All flanges, tees, and valves 
were covered in solid with Eagle ‘55’ block. 


Extraction Closed Heaters—Two, 65 sq. ft. 
cast-iron shell, 6 ft. 11% in. x % in. tubes. 
Cochrane Corporation. 

Deaerating Heater—One, 55,000 Ib. per hr. 
cast-iron shell, steel storage, arranged for 
doubling capacity in future. Cochrane Cor- 
portation. 

Heater Drainers—Fisher Governor Co. 

Back Pressure Relief Valve—Fisher Gov- 
ernor Co. 

Atmospheric Relief Valve—Edward Valve 
and Mfg. Co. 


Air Pressure Regulator—Fisher Governor 


‘0. 
Make Up Valves—Fisher Governor Co. 
Steam Traps—Armstrong Machine Works. 
Vacuum Pumps—Nash Engineering Co. 
Turbine Oil Purifier—Sharples Specialty 


0. 

Zeolite Water Softener—One, 18-in., 60,000 
grain unit. Cochrane Corp. 

Air Compresso ne, 69 c.f.m., 100-lb., 
74%x6 single cylinder motor-driven unit. 
Worthington Pump & Machinery Corporation. 

Building—General Contractors—Green & 
Sayer. Structural Steel—Ft. Pitt Bridge & 
Iron Works. 

Station Wiring—Contractor—Lane & Com- 
pany. 











and are baffled for 3 passes. After leaving the boiler 
the products of combustion pass into tubular air pre- 
heaters, at the rear of the boilers above the fans. From 


FIG. 3. VIEW LOOKING UP SIDE OF AIR PREHEATER AND 
DUCTS SHOWING HARD FINISH HEAT INSULATION 
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the air heater the gases pass into the induced draft 
fans located in the back of the ‘boiler on the stoker 
operating floor. The forced draft fans are located di- 
rectly behind each boiler. 

Each boiler unit is provided with an instrument 


_ panel facing the boiler fronts carrying necessary 


boiler instruments as well as push button controls for 
the forced and induced draft fan and stoker motors. 

Coal, delivered to the plant in railroad cars, is 
dumped into a track hopper and then carried to the 
overhead coal bunker by a skip hoist. A weigh larry 
distributes the coal to the stoker hoppers. 

Generating equipment consists of two 4000 kw. 
turbo-generators with direct connected exciters, and 
exhausting into 6000 sq. ft. surface condensers. These 
turbines are arranged for extraction of steam at suit- 
able stages for feedwater heating and the station 
equipment includes the necessary closed heaters in the 
heat balance layout. A flow diagram of the station is 
shown in Fig. 2. As will be noted, the piping is so 
arranged that either turbine can be operated from 
either boiler. The plant is in effect two plants, as one 
boiler and one turbine are sufficient to carry the pres- 
ent maximum peak load, thus leaving in reality a 
complete standby plant. 

Condensing water is taken from the Miami River 
through a special pumping station containing two 6500 
g.p.m. centrifugal pumps. 

Condensate is heated first in an extraction heater 
and then in a deaerating heater, the latter serving for 
both turbine units. From the deaerating heater it is 
delivered to the boilers by two 125 g.p.m. 1100 ft. hd. 





centrifugal feed pumps. Make-up water is city water, 
treated in a zeolite softener and delivered into surge 
tanks before it is sent to the deaerating heater. 

An unusually fine job in this station is the piping 
and duct work. This is all painted in colors to denote 
services and temperatures. Steam lines to the turbines 
are painted a bright orange. Bleeder steam lines carry- 
ing steam at 400 deg. F. are painted yellow. The blow 
down system carrying temperatures from 100 to 700 
deg. is painted buff. Feedwater heating equipment 
is painted emerald green. All lines, ducts, and high 
temperature surfaces of equipment are efficiently cov- 
ered by the most approved and efficient heat insulating 
materials, 





FIG. 4. DETAILED VIEW OF PIPING SHOWING APPLICA- 
TION OF HEAT INSULATING MATERIALS AT PIPING AND 
VALVES 


The preheaters, induced draft ducts and induced 
fan casings were insulated with two inches of plastic 
insulation finished with one-half inch of hard finish 
cement. This consisted principally of asbestos cement 
mixed with a small amount of Portland cement. This 
surface was then painted without being covered with 
canvas. This method of insulating power equipment 
is somewhat new and has many advantages. It adheres 
tightly to any clean surface and forms an air-tight 
blanket over the entire preheater and other apparatus 
which is free from cracks and openings. 

Where insulating blocks were used, the cracks be- 
tween the blocks were filled with plastic insulation and 
then the blocks were covered with the same material 
and finished with asbestos cement. Steam lines and 
other lines carrying heated fluids were insulated with 
asbestos pipe insulation, in two layers. 

Designed to be as nearly automatic as possible, only 
two operators are required on a shift with a third 
man taking care of the coal and ash handling machin- 
ery. It is estimated that this plant will save the citi- 
zens of Piqua $100,000 a year, while paying off the en- 
tire cost of the system in eight to ten years. 

The entire plant and system were designed and 
supervised by Burns and McDonnell Engineering Co. 
of Kansas City, Cincinnati and Los Angeles. In con- 
eluding this article we wish to extend credit to this 
firm as well as to the Elliott Co. for data and photo- 
graphs used. 
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Ball Bearing Install- 
ation Simplified 


NSTALLATION of industrial ball bearing units has 
been greatly simplified by the use of a new type 
known as the flange cartridge unit. A good example 
of the economy effected by this new type is to be found 
in the conveyor in the plant of the Goodrich Rubber 
Co., Akron, Ohio, where it was desired to install ball 
bearings. 

Had conventional pillow blocks been used it would 
have been necessary in some places to build up shelf 
angles on which to mount them, thus adding to the 
structural steel work and, of course, increasing the 
time required for installation. Goodrich was con- 
fronted with a problem of making the installation most 
economical and efficient. They found the answer in 
the flange cartridge unit developed by the Fafnir 
Bearing Co. 








CONVEYOR EQUIPPED WITH BALL BEARINGS 


Use of this unit permitted the conveyor roll shaft 
to be given a ball bearing mounting by merely extend- 
ing the shaft through the steel channel web, as shown 
in the accompanying illustration, and then bolting the 
cartridge unit in place. In this particular instance 
added rigidity was obtained due to the fact that the 
web was sturdier than the channel flange on which 
pillow blocks would have had to be mounted at some 
points. ; 
By virtue of the self alining feature of the cartridge 
it was unnecessary to aline the bearings with any great 
degree of accuracy because of the fact that any con- 
veyor vibrations due to lack of rigidity in the frame 
work did not affect the operation of the bearing, ample 
provision for misalinement being provided in the self 
locking collar feature, permitted the location of the 
roll in the center of the conveyor both easily and 
quickly. 
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Steam Turbine Development 
Presents Problems in 
Design and Metallurgy 


Pressures and Temperatures are on the Increase, Rotative 
Speeds and Capacities Have an Upward Trend. Exhaust 
Blade Erosion a Limiting Factor at Present. Use of High Pres- 
sure Non-condensing Turbine offers Modernization Solution. 


By C. B. CAMPBELL 
Turbine Engineer, Westinghouse Electric & Mfg. Co. 


RESENT DAY steam turbine development is di- 

rected more toward refinement of the design of 
details leading to increased reliability and efficiency 
than toward radical departures from established prin- 
ciples of construction. There continues to be an in- 
crease of steam temperatures with the accompanying 
problems of mechanical design and metallurgy. 

There are, in addition, two general classifications 
of steam turbines upon which development is active, 
namely, the development of so-called ‘‘limit’’ turbines 
(condensing turbines of the maximum possible capac- 
ity rating for a given rotative speed), and development 
of high pressure, high temperature, non-condensing 
turbines to be superimposed on existing generating 
units in older plants. 

Limit TURBINE CaPACcITy 

Design and suitable exhaust end blading continues 
to be the most important single problem influencing 
the development of large capacity condensing steam 




















FIG. 1. PART SECTION OF 10,000-KW. 3600 R.P.M. CONDENS- 
ING SINGLE CYLINDER TURBINE 


turbines. It is this problem that most directly de- 
termines the limiting economical capacity of condens- 
ing turbines at a given speed of rotation. In this con- 
nection, only those condensing units directly con- 
nected to 60 cycle generators will be considered, as 
they include the only important large modern turbines 
- used in the United States. Thus, we need only include 
two rotative speeds, 1800 and 3600 r.p.m., correspond- 
ing to 4 and 2 pole generators respectively. 
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It can be stated as a general rule, to which there 
will be but rare exceptions, that the most economical 
turbine generator unit of a given capacity rating, is 
that of the highest practicable speed. Such higher 
speed unit will prove more economical from many 
standpoints, including: (1) improved thermal effi- 
ciency; (2) reduction in weight of the complete unit 
and of the individual parts to be handled during erec- 
tion and subsequent inspection; (3) in most cases, 
greater convenience of operation because of the re- 
duced distortion of the smaller units permitting shorter 
starting-up periods; (4) smaller investment in build- 
ing and foundation. These factors have long been 
recognized and have gradually resulted in the capacity 
of 3600 r.p.m. turbines being increased into the field 
formerly held by 1800 r.p.m. units. At the same time, 
of course, the lower speed units have also been ex- 
tended into still higher capacities. 

So far as the turbine is concerned, the principal 
problem has been to provide sufficiently large exhaust 
end blading to expand efficiently greater volumes of 
steam. Within recent years this development has suc- 
ceeded in increasing the capacity of single cylinder 
turbines with single exhaust blading groups to 15,000 
kw. and 80,000 kw. respectively for 3600 and 1800 
r.p.m. units. In the present state of our knowledge 
of the factors involved, the maximum practicable 
capacities of such turbines at high vacuums appear to 
be about 17,500 kw. and 90,000 to 100,000 kw. This 
statement should not, however, be interpreted as a 
prediction that in the future these limits will not be 
passed. 

Figures 1 and 2 show respectively 3600 and 1800 
r.p.m. single cylinder, single exhaust blade group tur- 
bines of approximately the present limiting dimensions 
of exhaust blading. 

Generator development has proceded even more 
rapidly until single generators can now be obtained 
for 35,000 kw. at. 3600 r.p.m. and 200,000 kw. at 1800 
r.p.m. These limits are approximately twice those of 
single exhaust condensing turbines, with the result 
that multi-cylinder tandem turbine development has 
been stimulated. By the tandem arrangement of tur- 
bine cylinders, with single flow high pressure turbines 
and double flow exhaust blading in the low pressure 




















element, single shaft condensing units equal to the 
preceding generator capacity limits are now available. 
The tendency is decidedly in favor of the tandem 
turbine design, rather than the cross compound, in 
order to utilize the maximum limits of single genera- 
tors and realize the obvious advantages in foundation 
and building construction, as well as to simplify the 
switching. 

Figures 3 and 4 show in preliminary form the 
general design of 35,000-kw. and 165,000-kw. tandem 
condensing turbines at 3600 and 1800 r.p.m. respec- 
tively. In each case, the low pressure element is of 
double flow blade arrangement. 

The development of suitable exhaust blading for 
‘‘limit’’ turbines has to a great extent depended upon 
the metallurgical studies from which have been devel- 
oped reliable materials of higher physical properties 
for both the blade itself and the turbine spindle forg- 














a Tsg ANS oo O 


~-f22 eS 























FIG. 2. 75,000-KW., 1800 R.P.M. SINGLE CYLINDER TURBINE 





ing. Stainless steels of a variety of chemical composi- 


tions are ordinarily used for low pressure blading. 


One common grade containing 12 per cent chromium 
has a tensile strength of over 100,000 lb. per sq. in. 
Chrome-nickel-molybdenum forging for spindles are 
available with tensile strength exceeding 100,000 lb. 
per sq. in. yield point 80,000 lb. per sq. in., with elonga- 
tion and reduction of‘area 18 per cent and 40 per cent 
respectively. Experimental investigations supplement- 
ing a wealth of actual experience with blading in nor- 
mal operation have furnished the basis upon which 
recent large blades have been designed that have since 
proved mechanically sound. 


Exuaust BLADE ERosion 


Larger steam handling capacity leads to longer 
blading on larger spindle diameters, hence to an in- 
crease in the peripheral speeds at which these blades 
move. Coincident with this increase in velocity, how- 
ever, the problem of erosion of these high speed blades 
has become of major importance and may stop the fur- 
ther increase of blade size until erosion control schemes 
have proved satisfactory. 

There are many factors influencing the rate of low 
pressure blade erosion, of which the following are most 
important: (1) blade velocity; (2) the amount of 
moisture in the steam; (3) the absolute pressure in 
which the blade operates; (4) the material of the 
blade. 

When the tip speed of the last rotating blade is 
less than 900 ft. per sec., erosion of the inlet edge is 
usually not objectionable. There is no clearly defined 


February PLANT 
1934 ENGINEERING 


limiting speed, however, as many factors, in addition 
to speed, influence the result. There is no doubt, how- 
ever, the high speeds mean relatively rapid erosion, 
other circumstances being equal. 

There are then three alternative policies; first, to 
continue the use of high blade velocities in order to 
decrease unit weights and dimensions and, by con- 
centrating large units of power in single units, to sim- 
plify design and operation; second, to limit blade ve- 
locities and use multiple exhaust blade groups to 
expand efficiently large steam volumes; third, to sacri- 
fice efficiency seriously by deliberately under-dimen- 
sioning the blading. In this country, the purchasers 
of large turbines are practically unanimous in choos- 
ing the first alternative, at the same time expecting 
the turbine manufacturer to solve the present erosion 
difficulty. 

It is generally accepted that the water drops 
formed in the low pressure blading after heat energy 
has been extracted from the steam are carried long 
by the steam at very low velocity. This can be under- 
stood from the fact that the specific gravity of the 
water drops is approximately three thousand times 
that of the steam in the last blades. The impact of 
the water drop on the blade is, therefore, approxi- 
mately proportional to the velocity of the rotating 
blade at the point of impact. Stresses produced on 
the surface of the blade by this impact are enormous 
and this evidently causes the deterioration and failure 
of the material on the inlet edge of the blade. 

It is logical to conclude that erosion will be more 


- rapid the greater the moisture content of the steam. 


In consideration of this, the general practice in this 
country is to limit the exhaust steam moisture to ap- 
proximately 12 per cent. Obviously, the more efficient 
the turbine, the greater will be the exhaust moisture 
content for a given initial steam pressure and tempera- 
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FIG. 3. 35,000-KW., 3600 R.P.M. CONDENSING TANDEM 
TURBINE 





ture. In this manner, the improvements in turbine 
construction that have increased thermal efficiency 
have, at the same time, aggravated the low pressure 
blade erosion problem. ; 

The most reasonable method of finally solving the 
low pressure erosion problem is to remove the cause by 
reducing the amount of water in the steam. Present 
methods of accomplishing this are to increase initial 
steam temperatures and to use mechanical means of 
removing water or moisture laden steam from the 
blade path. 

Several modern turbines have been designed for 
850 deg. F. steam temperature, and 1000 deg. F. has 
been used experimentally but can hardly be consid- 
ered as commercially practicable at present. With 
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850 deg. F. steam, it is possible to use 600 lb. throttle 
pressure with approximately the same exhaust mois- 
ture content as exists with initial conditions of 450 
lb. per sq. in. at 750 deg. F. While such an increase 
in temperature has a marked effect on the low pres- 
sure blade conditions, it has also added to the prob- 
lems of design of the high pressure elements. 

In many recently designed turbines, annular 
grooves are provided in the cylinder at the low pres- 
sure blading through which a certain amount of water 
or moisture laden steam is by-passed directly to the 
condenser. These drainage arrangements have been 
only moderately successful. Tests have shown that 
from 5 to 25 per cent of the available moisture may 
be removed in this way. Obviously, over-dimension- 
ing of the drains will waste steam and impair effi- 
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FIG. 4. 165,000-KW., 1800 R.P.M. CONDENSING TANDEM 
TURBINE 


ciency. One solution proposed is the addition of one 
or more feedwater heaters to the regenerative heat 
eyele and withdrawing their steam from the low pres- 
sure blading. In this way, the heat content of the 
extracted moisture and steam will not be rejected to 
the condenser and it will be practicable to withdraw 
larger amounts of steam. 

It has been shown that the effect of water drops 
striking rapidly moving blades is more severe the 
lower the absolute pressure in which the action oc- 
curs, evidenced by the fact that severe erosion seldom 
is found on the next to the last rotating blade row, 
but does extend inward from the tip on the last 
row of blades, to a diameter much smaller than the 
tip of the preceding row. Thus, blade erosion can be 
expected to be more severe the higher the vacuum at 
which a turbine is operated. 

No material suitable for blade construction has yet 
been found that offers sufficient resistance to erosion 
under the severe conditions encountered. Stainless 
steel is desirable because of its resistance to corrosion 
and its high order of strength. Erosion resistance 
has been found to be a function of the hardness of 
a material. Since hard materials are difficult to fab- 
ricate and usually have low endurance limits, it has 
been found desirable to use stainless steel blading with 
strips of the hard material attached to the inlet edge 
of the blade where practically all of the erosion 
occurs. This scheme has the advantage that after the 
hard shield has been eroded it can be replaced with- 
out the more expensive replacement of the complete 
blade. 

Quite satisfactory results have been found from 
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the use of shield strips of No. 6 stellite silver soldered 
to the inlet edge of stainless steel blades and extend- 
ing approximately one-third of the length of the blade 
inward from the tip. It is obvious that a satisfactory 
shielding material must have a fair degree of ductility 
and a high endurance value, as well as expansion 
characteristics closely resembling those of the blade 
material to which it is attached. 


HieH Pressure Non-ConpENSING TURBINES 


Considerable attention is now being devoted to 
means of increasing the generating capacity and the 
efficiency at nominal cost of many central stations in 
which the equipment is several years old and in need 
of practical replacement or subject to very heavy re- 
habilitation charges. In many eases, this problem is 
encountered in plants having boilers that must be re- 
built or replaced, while the steam turbines, though 
several years old and comparatively inefficient, are 
still capable of many years of satisfactory operation. 
In such plants it will often be found possible to in- 
stall new high pressure, high temperature boilers and 
a non-condensing turbine or turbines to pass all of 
the steam generated by the new boilers and exhaust it 
directly into the low pressure turbines. In such ease, 
the entire problem can frequently be worked out to 
permit the shutdown of the old boiler plant completely. 
The new boilers will, therefore, be based upon gen- 
erating sufficient steam to supply the existing old tur- 
bines. 

The turbines already in the plant, if several years 
old, will have low speed exhaust blading and it is, 
therefore, practicable to operate them with higher 
exhaust moisture content than current practice dic- 
tates for modern condensing turbines. Also, the rel- 
ative inefficiency of these older turbines means that 
a smaller portion of the heat energy supplied to them 
is converted into work and for a given exhaust mois- 

















FIG. 5. 18,000-KW., 3600 R.P.M. NON-CONDENSING TURBINE 
650-LB., 825 DEG., 200 LB. GAGE BACK PRESSURE 


ture condition, the initial steam temperature will be 
lower than would be true with more efficient units. 
A highly efficient non-condensing turbine can, there- 
fore, be used to expand from the new boiler pressure 
of 600 to 1200 lb. per sq. in. (850 deg. F. temperature) 
down to the pressure for which the old turbines were 
originally designed, and intermediate re-heating of 
the steam will, in general, not be required. 

A turbine for such installation is in an entirely 
different class than the limit turbines which have been 
discussed previously. In this latter case there is no 
low pressure blade problem, since with nominal blade 
sizes such a turbine may drive the largest generator 
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that can now be built for 3600 r.p.m. The most diffi- 
cult problems in the design of the turbine are those 
having to do with the high steam temperature and 
the fact that the cylinder is relatively small and is 
subjected to unusually large strains from the large 
inlet and exhaust piping. 

Figure 5 shows a longitudinal section of an 18,000- 
kw., 3600 r.p.m. turbine to be operated with 650 lb. 
steam pressure, 825 deg. steam temperature, exhaust- 
ing into three existing low pressure condensing units, 
with the exhaust pressure on the non-condensing unit 
reaching a maximum value of 200 lb. gage at full load. 
The turbine illustrated is capable of passing approx- 
imately 600,000 lb. per hr. of steam, or, in steam han- 
dling capacity, is approximately equivalent to a 60,000- 
kw. condensing turbine. Without -much change in 
the overall dimensions of the turbine, its capacity 
could be doubled for the same steam conditions, thus 
driving the maximum rated 3600 r.p.m. generator now 
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available, and still the turbine unit itself would re- 
main a small structure. 

When the old boilers are shut down and all steam is 
passed through the non-condensing turbine, the gov- 
ernor springs on the low pressure turbines should be 
adjusted to hold their inlet valves fully open at normal 
frequency. The governor on the high pressure turbine 
will then alone be speed responsive and the combined 
equipment will operate as a multi cylinder cross com- 
pound generating unit. 

This general scheme is subject to many detail va- 
riations, depending upon the particular conditions of 
the station under consideration. At a nominal cost, 
the benefits of the improvement in efficiency of boilers 
and of the high pressure expansion range of steam 
turbines can be obtained along with an increase of 25 
to 50 per cent in station capacity. It is probable that 
this particular type of turbine installation will find 
considerable favor in the immediate future. 


Inspection 0f Welded Boilers 


By X-Ray 


As a Non-Destructive Means of In- 
specting Welds, X-Ray Equipment 
Has, During the Past Two Years, 
Demonstrated Remarkable Accuracy 


and Reliability. By G. W. Plinke* 


LTHOUGH much has been written for and against 
the use of the X-ray as a non-destructive test to 
prove the soundness of a weld, actual results obtained 
by manufacturers of class 1 pressure vessels and boil- 
ers during the past 2 yr. have shown the X-ray to be 
a very satisfactory inspector. 

The X-ray equipment in the Henry Vogt Machine 
Co. plant is a 345,000-v. cascade type X-ray machine, 
with valve tube rectification, designed and built by 
the Kelley-Koett Manufacturing Co. of Covington, Ky. 
The rectifying tubes, which are an integral part of 
each transformer block, are of the heavy duty type 
for industrial work. They are provided with radiator 
fins which dissipate the heat and permit continuous 
operation without being subjected to strain. 

An oil immersed voltage stabilizer insures con- 
stancy of operation and protection for the machine 
and X-ray tubes. The electrical circuit of the ma- 
chine is made through an oil immersed magnet switch 
which makes possible the use of remote control ap- 
paratus and relays. An automatic timing switch is 
included which permits closer duplication of exposure 
time and assures uniform results through accurate 
control. 

*Welding Supervisor, Henry Vogt Machine Co. From an 


address before the Welding Conference at Purdue University, 
Dec. 7-8, 1933. 





FIG. 1. 


X-RAY EQUIPMENT FOR INSPECTION OF BOILER 
DRUMS 


This equipment, shown in Fig. 1, is encased in a 
metal housing mounted on a motor driven truck frame. 
The X-ray tube is mounted within a lead covered metal 
drum provided with a window which permits the 
X-rays to reach only a limited area around the welded 
seam which is to be X-rayed and thus cuts off scat- 
tered and secondary radiation. The drum which con- 
tains the X-ray tube is constructed so that it can be 
raised or lowered to line up with the center of the 
vessel being examined. 

Mounted on the truck frame, the metal housing is 
placed on a set of tracks and can be moved forward 
and backward or in a transverse direction to accomo- 
date various lengths of vessels, and allow for ease in 
set up. 

The vessel or drum to be X-rayed is placed on a 
set of motor driven rolls with its axis parallel to the 
housing and in examination of the longitudinal joint 
the X-ray cabinet can be moved along the seam. For 
examination of the circumferential seams, the vessel 
or drum is rotated about on its axis. 

Longitudinal seams of the drums are numerically 
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stamped both inside and outside from left to right 
with a steel die with numbers spaced 34 in. from the 
edge of the weld and 14 in. apart. The circumferen- 
tial seams are stamped in a similar manner with num- 
bers spaced 514 in. apart. Lead numbers are then 
placed at these numerical points and held to the shell 
with a small piece of adhesive tape. Lead numbers are 
used so that they will be visible on the radiograph and 
act as an identification mark for the inspector. 


CopE DEMANDS 


The A.S.M.E. code demands that welds shall be 
radiographed with a technique which will determine 























FIG 2. EXOGRAPH OF SEAM WITH THE WELD 
REINFORCEMENT LEFT ON 


quantitatively the size of defects with thicknesses equal 
to and greater than two per cent of the thickness of 
the base metal. To determine whether the radiographic 
technique employed is detecting defects of such pro- 
portions, suitable thickness gages or penetrameters are 
used. 

Where the excess weld reinforcement is removed 
flush with the base plate, a universal thickness gage 
shall be placed at each end of the exposed portion of 
the weld with the gage parallel to the weld and at least 
4 in. from the edge. For thicknesses up to 2 in., two 
ranges of thickness gages shall be used stepped up 
from 0.005 in. to 0.04 in. in thickness, and for thick- 
nesses from 2 in. to 414 in. two ranges of thickness 
gages shall be used stepped up from 0.04 in. to 0.09 
in. in thickness. 

Where the excess weld reinforcement is not re- 
moved a penetrameter shall be placed at each end of 
the exposed portion of the weld, on or within \% in. 
of the plate surface, with the gage parallel to the 
weld and at least 14 in. from the edge. The pene- 
trameter shall be 14 in. wide and 0.136 in. thick 
(+0.001 in.) for thicknesses up to 2 in. and 0.194 in. 
thick (+0.001 in.) for thicknesses 2 in. to 414 in. 
Slots shall be cut in the strip to give thicknesses from 
0.007 in. to 0.119 in. When necessary, steel strips 5% in. 
wide shall be placed below the penetrameter, the thick- 
ness of the strip used being sufficient to make the 
total thickness of the penetrameter strip and the strip 
equal to the total thickness of weld reinforcements. 
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The object of this requirement is to obtain the same 
film density for the images of the weld and penetra- 
meter. 

Such gage strips are placed along the welded seams 
prior to taking the X-ray exposures to comply with 
the code requirements. The film holder or cassette 
containing the photographic film is then placed on the 
inside of the drum at that portion of the weld which is 
to be X-rayed. 

After the general set up has been completed, trial 
exposures of the film are made to check up on the 
current characteristics and the penetration time. 
When the correct procedure has been determined the 
operator is then ready to proceed with the X-raying 
of all the welded seams. 

In routine work, exposures are made of each foot 
of welded seam. A 5 in. by 17 in. film is used on the 
longitudinal seam and a 5 in. by 7 in. film on the cir- 
cumferential seam. The circumferential seam requires 
a smaller film due to the curvature of the vessel. 


FEATURES OF ExXoGRAPHS 


An exograph of a typical welded seam with the 
weld reinforcement chipped and ground flush with the 
parent plate does not clearly distinguish the weld 
which can only be definitely located by its relationship 
to the gage strip. 

Figure 2 shows an exograph of a longitudinal seam 
with the weld reinforcement left on. The weld is 
easily located because of the difference in density due 
to the additional material of the reinforcements. 

Figure 3A shows an exograph of a defective weld 
in the longitudinal seam which shows considerable 
porosity. To show better the defects the weld rein- 
forcement was partially removed at the location show- 
ing the worst condition, and another exposure taken. 
This, Fig. 3B, shows the same defects but they are 
more clearly defined and enable the inspector better 
to judge them. Such porosity will not be tolerated in 
welds. 

An exograph of a weld on an 114 in. experimental 
plate has been used to demonstrate perfect and incor- 
rect technique, thus showing how porosity can be con- 
trolled by manipulation, and current characteristics. 

The boiler code committee of the A.S.M.E. has 
adopted a set of standard radiographs which endeavor 
to show the acceptability of a weld. The code com- 
mittee deserves considerable praise in its attempt to 
adopt a standard for a weld on a pressure vessel or 
boiler drum, especially since there is so much dis- 
agreement among inspectors on this subject. 

Although the code has adopted the standards which 
show the acceptability of a weld, it has been our prac- 
tice to strive for the perfect weld and we have, there- 


fore, formed our own standards which are considerably . 


higher than those which are permissible by the code 
requirements. This has been done because inspectors 
of insurance companies and high pressure vessel pur- 
chasers have expected and demanded better quality 
welds, and also because this policy of high standards 
keeps the welders constantly on the alert and increases 
their efforts for continual improvement. 


In judging defects in the nature of slag inclusions 


or elongated cavities or cracks the inspector has a 
definite base specified in the A.S.M.E. Code to guide 
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him in making his decision regarding the acceptability 
of the weld. Considerable skill, however, is necessary 
properly to interpret the many different kinds of de- 
fects which will show up in a welded joint, and this 
skill can only be acquired by analyzing thousands of 
radiographs cutting into many welds and actually see- 
ing what defects are revealed. . 


Derects CoMMONLY Notep By USE oF RADIOGRAPHS 


Common defects in a weld are porosity, slag in- 
clusions and undercutting. These defects are usually 
easily discernible. It is the cracks in the weld which 
are the most dangerous and the inspector must be able 
properly to interpret them on the radiograph. Cracks 
in a weld are not frequent when the welding is done 
under proper supervision and welding technique, but 
the welding supervisor must be constantly on guard to 
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FIG. 3. EXOGRAPH OF DEFECTIVE WELD. A. WELD RE- 
INFORCEMENT LEFT ON. B. WELD REINFORCEMENT 
PARTIALLY REMOVED 


see that the welders employ the correct procedure, 
especially when welding on plates one inch and thicker. 

There is very little doubt that welding on heavy 
plate sections sets up severe strains. During the weld- 
ing procedure these strains are partially removed by 
peening the weld metal after each layer of weld has 
been applied and the slag from the coating on the 
electrode.completely removed by wire brushing. Much 
has been said and written in regard to the effect of 
peening the weld, as there has been considerable dif- 
ference of opinion among engineers on this subject, 
but actual results on experimental plates and produc- 
tion work has convinced most authorities that peening 
the weld metal is good and safe practice. Although the 
peening does tend to remove some of the stresses set 
up in welding, on very heavy sections it has been 
found good practice to stop welding when only par- 
tially finished and place the section in a stress re- 
lieving furnace and bring the temperature up uni- 
formly to at least 1100 deg. F. and hold at that 
temperature on the basis of at least one hour per inch 
of thickness, and then allow to cool slowly in a still 
atmosphere. This procedure relieves the stresses set 
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up during the welding and lessens the possibilities of 
eracks in the weld. The welding can then be resumed 
until completion, or, on very heavy sections, it is neces- 
sary to stress relieve the section a second time. 

In addition to any necessary stress relieving during 
fabrication, all class 1 pressure vessels and boiler drums 
are stress relieved under the same procedure after the 
X-raying has been completed and accepted. 

The X-ray has played an important part in in- 
suring the quality desired for high class welding and 
those closely associated with the welding have learned 
to regard the X-ray as a very necessary boiler shop 
tool. 


Leather Belt Gives Long Service 
in Furniture Factory 


REMARKABLY LONG and reliable service has been 
given by the leather belt shown here through the 
courtesy of the American Leather Belting Assn., which 
is installed in the plant of the W. A. Berkey Furniture 
Co. of Grand Rapids, Mich. It is an 18-in. double leather 
belt running from a 72-in. pulley on the line-shaft to 
a 48-in. pulley on a counter-shaft and was installed in 
1881. After 52 yr. of continuous service the belt was 
taken from the pulleys to have it dressed and repaired 
for further service. No record or indication that the 
belt has been out of use or repaired previously exists 
about the plant but six rows of wooden pegs the entire 
length of the belt are evidence that the belt was the 
victim of an experiment that failed to establish a 
practice. 

















BELT DRIVEN 52 YR. IN MICHIGAN FACTORY 
WITHOUT REPAIR 
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Reversed Flow 
Through Centrifugal Pumps 


Check Up for Possible Overspeeding or Exces- 
sive Shaft Strain Under Various Conditions. By 
Morrough P. O’Brien’ and James E. Gosline’ 


F THE DRIVING motor of a centrifugal pump 

suddenly loses its power supply, reverse flow 
through the pump will usually occur unless prevented 
by a check valve. Resulting conditions may prove 
dangerous when pressure is applied either by the 
static head against which the pump has been working 
or, in the case of pumps working in parallel, by the 
other pumps which continue in operation. 

Either of two questions may require answer: 

1. If the impeller is free to rotate in reverse direc- 
tion, will the speed of rotation set up exceed per- 
missible speed of the pump unit? 

2. If the impeller is blocked from rotating back- 
wards, will torque on the shaft, due to reversed flow, 
exceed the value safely allowable? 


Conpitions Durina REVERSED FLow 


Practically, the problem is to determine the ratio 
of speed or torque during reversed flow to corre- 
sponding quantities under normal operation. For a 
free impeller, flow conditions correspond to those in 
a turbine at runaway speed and, for a locked impeller, 
to those for zero speed and corresponding relations 
should apply. 

On this assumption, reversed flow conditions of 
centrifugal pumps can be represented by equations 
as follows: 


qg= O,Qv (h= H) (1) 
n= CyNVy (h~+ H) (2) 
For stationary impeller, 
qr = Cor QV (hr + H) (3) 
t= CrT Vy (hr + H) (4) 


In these equations, H, Q, N and T are the rated 
head, quantity of flow, speed and driving-motor torque 
for normal forward operation; h, hr, q, qr, n and t are 
the heads on the pump, discharge flows, speed and 
torque during reversed flow; Co, Cy, Cor and Cr are 
dimensionless coefficents whose values must be deter- 
mined by experiment. 

In equation (4) the value of T can be found from, 

T=KP—+N (5) 
the value of K being 5250 to give T in pound-feet and 
63,000 to give pound-inches; P is the horsepower out- 
put of the driving motor and N its revolutions per 
minute. ; 

Substituting in equation (4) gives, 

t in lb.-ft. = (5250 CrhrP) + NH (6) 
1Associate Professor of Mechanical Engineering. 


2Research Assistant, Dept. of Mechanical Engineering. Both 
of Univ. of Calif., Berkeley, Calif. 
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Retaining the forms of equations (1) to (4) gives 
coefficients that will have the same numerical value 
for all consistent systems of units. If Q is given in 
millions of gallons daily, q will be found in the same 
unit and likewise for all other quantities involved. 

Average values, from several measurements in each 
ease, for the four coefficients, for pumps covering a 
wide range of specific speed and flow capacity are 
given in the accompanying table. Speeds are 1200 to 
3550 r.p.m., heads are 10 to 327 ft.; flows are 93 to 
10,410 g.p.m. Three different makes are included, all 
of the pumps being less than 10 yr. old. 

Variations in the values of coefficents shown in the 
table are larger than can be attributed to experimental 
errors, showing no definite trend with either speed or 


CHARACTERISTICS OF CENTRIFUGAL PUMPS IN 
REVERSED FLOW 















































Specific | Reted Rated Speed wotor 
4 Feed Capacity; oN Output Coefficients 
Based on E Q ReoPoMe P 
G.PeMe | (Pte) | (G.PeMe) (er) & Ce | Sgr | oe Type 
‘780 100 305 1750 11.8 1.08 1.34] Single suction 
horizontal sheft 
1150 9Syetege 9 3550 3.4 0.854 1.10 1.57 Seventeen stares 
1500 58 325 1745 5.9 0.98 0.95 Double suction 
horizontal pheft 
1700 327 10,410 1200 945 0.55 1.12 Double suction, 
horizontal sheft 
1760 63 575 1750 11.9 0.58 1.00 1.01 | 0.99 | Double suction, 
horizontel shaft 
4600 40 1800 19730 27.1 0.735 0.96 0.85 | 1.10 | Double suction, naKR 
% 
Average values 0.74 1.04 1.14 | 1.14 
Range +326) + + + 
= 20g | - %] 2 ave oii 














size. As theory indicates that these values should be 
approximately constant, an average value for each 
coefficient is taken for use in calculations. No experi- 
ments were made on propeller type pumps. 


TORQUE ON SHAFT PROBABLY SAFE 


Since Cr is only slightly greater than 1 and h—H 
is always less than 1, equation (4) indicates that there 
is no danger of excessive torque during reversed flow 
with the impeller blocked. With h—H equal to 1 
and Cr at its highest value, 1.34, the torque can rise 
to only 1.34 times that for normal operation. 

As coefficients Car and Cg show variation of 30 
per cent above and below mean value, not related to 
speed or size of unit, it is evident that further tests 
are desirable to define values of these cofficients more 
closely but the average values can be used for com- 
puting reverse speed approximately. 

Since in reverse flow, static head must overcome 
friction resistances in pipeline and pump, evidently 
speed of reverse rotation is liable to be dangerous only 
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when these resistances are small in comparison with 
the static head. If friction loss is neglected altogether, 
h =H and the reverse speed, as computed from equa- 
tion (2), using neither Cg nor Car will be in excess 
of the true value. As Cy shows a variation of only 8 
per cent above and below mean value, this computa- 
tion will be sufficiently accurate as a danger check in 
cases where it is important. 
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DISCHARGE —> 
FIG. 1. CONDITIONS FOR REVERSED FLOW IN A SINGLE 
CENTRIFUGAL PUMP WITH PIPE LINE FRICTION 


For analysis, reversed flow falls into two groups: 

I, All driving motors lose power simultaneously ; 
a complete analytical solution being possible as in 
examples 1 and 2 and Figs. 1 and 2 following. 

II. One or more pumps continue in normal opera- 
tion; analytical solution is tedious because of the diffi- 
culty of expressing head-capacity curves by means of 
equations; a graphical solution is used as in example 
3 and Fig. 3 following. 


- JLLUSTRATIVE EXAMPLES OF REVERSED F'Low UNDER 
DIFFERENT CONDITIONS 


Methods used to estimate conditions during re- 
versed flow are best illustrated by the following 
examples, steady conditions being assumed: 

1. A centrifugal pump, running at 1200 r.p.m. dis- 
charges 15 million gallons a day (m.g.d.) against a 
static head (Hs) of 187 ft. through a pipe line. Fric- 
tion loss in the line for normal or reverse flow can 
be expressed as: 

Hy = hy = 0.445 q? 
q being in m.g.d. and h,; and H, in ft. head. 

With no check valve, what is the reversed speed 
for free rotation? 

Operating head in feet, H is: 

H = Hs; + H; = 187 + (0.445 & 15?) 
= 187 + 100.125 = 287 ft., nearly. 

During reversed flow, static head overcomes pipe 
friction and puts head on the pump, or: Hs =h,; + h. 
From equation (1), h = Hq? ~ (CQ)? (7) 
Then, Hs = 0.445q? + [H ~ (C.Q)?]q? 
Substituting, 187 = 0.445 + [287 ~— (0.74 *& 15)?]q? 
which solves as, q = 8.22 m.g.d. 
From equation (7) h is found to be 157 ft. 
Then from equation (2): 

n= CyNVy (h~+ H) 
= 1,04 & 12007 (157 — 287) = 925 r.p.m. 
The graphical solution is represented in Fig. 1. 
2. Two identical centrifugal pumps operate in tan- 
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CASE | BOTH ROTATE FREELY IN feveRse DIRECTION 
Hg = 2h’the = (c, + >) 


CASE 2 ONE IMPELLER HELD STATIONARY 


H = hp +h'= beth thy = G+ tort ota) q”* 














DISCHARGE ——> 
FIG. 2. TWO PUMPS IN TANDEM UNDER REVERSED FLOW 


dem at 1200 r.p.m. against 632 ft. static head, dis- 
charging 15 m.g.d. No check valve is provided and 
pipe line friction is negligible. If both driving motors 
lose power but one pump is blocked from rotating, 
while the other can rotate freely, what will be the 
reversed speed of the latter? 

As the pumps are in tandem, static head, Hs, will 
be used up in overcoming head h in the rotating pump 
and head hry in the blocked pump, or: 

Hs = h -b hr : 
Substituting values of h and hy derived from equations 
(1) and (3) gives: . 

Hs = [(H q?) + (CgQ)?] + [(H ar”) + (Cor Q)?] 

but q = qr, hence 


Hq’?/ 1 1 
H,= — + — 
Q? Co? Cor* 


The head on each pump H is Hs + 2 = 816 ft. 
Substituting numerical values, 


316q? f 1 1 
632 = a 
225 \0.742 1.14 


which, solved for q, gives, q = 13.19 m.g.d. 
From equation (7) 
= (316 13.19?) + (0.747 & 225) = 443 ft. 

hr = (316 X 13.197) + (1.14 & 225) = 187 ft. 
From equation (2) 

n= 1.04 & 1200 & v (448 + 316) = 1535 r.p.m. 

This will be the reversed speed of the free pump 
and may or may not be excessive, depending on condi- 
tions and the design of pump and motor. Figure 2, 
Case 2, shows conditions, the method of construction 
being as for Fig. 1. 


Pumps IN PARALLEL 














3. With two pumps in parallel, discharging against 
a head Hs, one continues to run normally, while the 
other loses power and can rotate freely in the reverse 
direction. What will be the speed of the reversed 
pump? 

This is one of the cases calling for a graphical solu- 
tion as in Fig. 3. The curve of h is derived by calculat- 
ing values of h from equation (7) for various values 
of q, plotting these values of h and q to scale and 
drawing a curve through the points thus obtained. 
If this curve intersects the head-capacity curve of the 
working pump at a head less than Hg, no forward flow 
will occur in the pipe line. For the conditions shown, 
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POWER 


however, point A is above Hg so that, for values of h 
above point B, where the value of h equals Hg, for- 
ward flow will occur in the pipe line. Discharge from 
the working pump will equal flow through the reversed 
pump, q, plus pipe line flow, Q,. Intersection of the 
curve for pipe line friction, H;, drawn from the point 
B, with the head-capacity curve for the working pump 
at C gives the reversed head acting on the driven 
pump. With this as a value for h, reversed speed of the 
driven pump can be calculated from equation (2). 
Quantity flowing through the driven pump is obtained 
by projecting from C horizontally to intersect the h 
eurve at D. 





Q,= DISCHARGE THROUGH PIPE LINE 
q = REVERSED FLOW DISCHARGE OF DRIVEN PUMP Qrtg 7Q 


HEAD ——e 














DISCHARGE 
TWO PUMPS IN PARALLEL, ONE WORKING, ONE 
WITH FREE REVERSED ROTATION 


FIG, 3. 


Problems considered in the preceding examples are 
the most elementary of those encountered in practice. 
Many different combinations of pumps in series or 
parallel may require analysis, but the method of solu- 
tion will be essentially the same for any combination, 
no matter how complicated. 

In these examples, the reversed heads are assumed 
to have been applied over a sufficient period so that 
equilibrium conditions are attained. Retardation and 
subsequent acceleration of the water column in the 
reverse direction, following loss of power will require 
a definite time interval and, if the static head decreases 
during the interval, the reverse speed will not attain 
the value computed by these methods. Neglecting the 
transition conditions is, therefore, on the side of safety. 

Experimental results indicate that the torque on a 
stationary shaft during reverse rotation is within the 
usual factor of safety but that the reverse speeds may 
exceed the allowable speed of the driving motors under 
certain conditions. The coefficients presented are in- 
tended only as approximations and should be supple- 
mented by additional values obtained from experi- 
ments on large pumps. 


Unusual Herringbone 
Gear Drive 


LTHOUGH herringbone gears are widely used for 
the drives of second motion mine hoists, what are 
reported to be the largest gears so far used for such 
an application are to be found on the two large double 
conical drum hoists just finished for the Homestake 
Mining Co. of Lead, South Dakota. These two hoists, 


one for ore and the other for men and materials, are 
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the largest so far built of this particular type. The 
hoists are practically duplicates except for the drive, 
the ore hoist having two motors of 1500 hp. each, 
while the man hoist will have but one motor of the 
same size. 

These hoists cover a floor space of 56 by 61 ft. 
The two drums, instead of both being mounted on a 
single shaft as is the customary arrangement, are in 
tandem arrangement with a separate shaft for each. 
These drums are of the conical design, 12 ft. in diam- 
eter at the small end and increasing to 25 ft. at the 
large diameter. The ore hoist will wind 5400 ft. of 
1%-in. rope and will hoist a load of 14,000 lb. of rock 
per trip. The total rope pull is 57,000 lb. The rope 
pull for the man hoist is 40,000 lb. based on 5200 ft. 
of 15£-in. rope; however, the total rope capacity of 
the man hoist drums is 5765 ft. Each drum weighs 
approximately 210,000 lb. The drum shafts are 40 ft. 
5 in. long, 30 in. in diameter where they pass through 
the drums, and each weighs 77,000 lb. 

The gear drive is located opposite the operating 
platform and consists of Sykes continuous tooth her- 
ringbone gears, so constructed as to drive the two 
drums together. For the man hoist, one motor and one 
pinion shaft has been omitted. On the ore hoist, there 





HERRINGBONE GEAR DRIVE FOR MINE HOIST SERVICE 
BEING ASSEMBLED ON FACTORY FLOOR 


are two 1500-hp. direct current motors directly cou- 
pled to the pinion shafts, the pinion being integral 
with the shafts. These shafts are 12 in. in diameter, 
14 ft. long and run in bearings 12 by 24 in. The 
pinions mesh with gears on the drum shafts, the gears 
being 12 ft. in diameter and 30 in. face. Between the 
two drum shaft gears is an idler gear, thus tying the 
entire gear train together. The bearings for the drum 
shafts are 24 by 48 in. next to drums, while the out- 
side bearings are 20 by 36 in. The idler shafts are 20 
in. in diameter, 10 ft. 6 in. long and have bearings 16 
by 26 in. On both hoists the motors, pinions, large 
gears and bearings are identical, making it thus pos- 
sible to reduce the cost of construction and simplify- 
ing the problem of carrying spare parts. 

These gears are the product of the Nordberg Mfg. 
Co., the General Electric Co. will supply the elec- 
trical equipment, which in addition to the motors and 
controls, consists of two motor generator sets—that 
for the ore hoist having a 1750 hp., a.c. motor with a 
44-t. flywheel, while that for the man hoist has an 800 
hp. motor and a 33-t. flywheel. 


SincE THE adoption, by an American oil refiner, of 
nickel-chromium cast iron, the life of piston rings fitted 
to a pump has been 15 months, as compared with 6 weeks 
for ordinary cast iron, according to White Metal News. 


























FOSTER WHEELER WASTE HEAT BOILERS AT VERNON 


T FREQUENT INTERVALS the more academic 

engineering circles discuss the heat lost to the 
cooling water and the exhaust of the internal combus- 
tion engine. Graphs of engine tests are displayed 
promising great theoretical savings. Apparatus is sug- 
gested, sometimes built but there is as yet no accepted 
practice. The prevailing impression seems to be that 
it should be possible to purchase a standardized ac- 
cessory unit, pipe it conveniently in series with jackets 
and exhaust and proceed to gather dividends. The 
truth is that waste heat recovery and application in 
buildings and factories powered by combustion engines 
is itself an intricate study in engineering. It should 
be possible eventually to standardize plants for any 
given use but there can be no such thing as a general 
purpose heat recovery apparatus adapted to an engine 
of like rating. 

The accompanying table shows typical heat dispo- 
sition in both gas and oil engines. This is nearly 
enough for a mental calculation the quantities of heat 
rejected to Diesel cooling water and exhaust are equal 


TYPICAL HEAT BALANCES OF INTERNAL COMBUSTION 








ENGINES 
Gas eng. Diesel 
Fuel consumption, B.t.u./b.hp. hr......-eeeeeeee 8712 7326 
Usetak work. TC. 7b in: | EE cei oie hc eddie wae 2503 2503 
Loss in friction, radiation, etc., B.t.u./b.hp. hr.. 665 784 
To cooling water, B.t.u./b. hp. BE wcavtvceteccevn 12574 1980 
To exhaust, B.t.u./D.Dp. Br... ...ccccccccscccceces 2970 2059 
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Heat Recovery from 


Internal 
Combustion 
Engines 


By H. F. Shepherd 


and each is equivalent to about 2.4 gal. per hp. hr. of 
water raised through 100 deg. F. 

Let us assume first that it is desired to convert all 
of the cooling water further heated by exhaust gases to 
process or heating steam. Since the heat inputs of 
jackets and exhaust boiler are approximately equal, 
totalling 4039 B.t.u. and since steam of near atmos- 
pherie pressure contains about 1122 B.t.u. above the 
water intake temperature of 60 deg. F., 3.6 lb. of 
steam per b.hp. hr. might be expected neglecting losses 
for the moment. But the heat of the liquid above 60 
deg. F. is 152 B.t.u. accounting for only 547 B.t.u. so 
it will be necessary to supply 1980 — 547 — 1433 B.t.u. 
of the latent heat in the engine jackets thus making 
steam. Correction for the boiler efficiency exaggerates 
this undesirable effect. 

Few engines will operate with the jackets boiling. 
Steam pockets form, the water is expelled and cer- 
tain casting areas are subjected to destructive thermal 
stresses. In short steam in jackets results in cracked 
castings. Placing the jacket under pressure is the ex- 
pedient to avoid steam pockets with high temperature 
circulation. Conversion of all the jacket water into 
steam in the exhaust heater, however, is possible only 
when the heat of liquid and the latent heat of the steam 
are approximately equal. This occurs at a jacket pres- 
sure much exceeding the maximum gas pressure within 
the cylinder. Most jackets are of cast iron, many of 
them are unstayed flat surfaces. None of the water 
jacket joints are of the high pressure type conse- 
quently it is doubtful if common cooling systems are 
prepared to deal with heads exceeding the usual test 
pressure of 40 Ib. per sq. in. 

Another proposal is to circulate the required quan- 
tity of water in jackets and exhaust heater absorbing 
the heat at some reasonable pressure and then circu- 
late it through an exchanger where it might give up 
its heat to another body of water which would be con- 
verted to steam. It is not necessary to go into prac- 
tical temperature differentials in the exchanger or 
boiler efficiency to prove this also more or less im- 
practical. Assuming counterflow in the exchanger and 
apparatus, efficiencies of 100 per cent with a limiting 
jacket pressure of 40 lb. gage the temperature of jacket 
discharge would be 287 deg. F. a rise of 227 above 60 
deg. F. To absorb 2000 B.t.u. per b.hp. hr, with this 


103 











POWER PLANT February 
ENGINEERING 1934 


differential would require circulation at the rate of 8.8 
lb. of water. Released to the exhaust boiler at this 
pressure (it could not be higher) that apparatus could 
supply the latent heat of only a little more than 2 lb. 
of water for each horsepower, so a mixture of water 
and steam would pass to the heat exchanger at only 
287 deg. F. Assuming that heating steam at 10 lb. ga., 
with a maximum temperature of 240 deg. F. is required, 
the total available differential in the exchanger would 
be only 47 deg. necessitating a costly and perhaps in- 
efficient additional apparatus. 


PRACTICAL CONSIDERATIONS 


Other very practical considerations caution the in- 
ternal combustion engineer against growing optimistic 
about high temperatures in cylinder and head jackets. 






































WASTE HEAT RECOVERY USING A MIXED 
PRESSURE TURBINE 

A. ENGINE. B. LOW PRESSURE BOILER. C. HIGH PRES- 

SURE BOILER. D. ECONOMIZER SECTION. E. AND F. SU- 

PERHEATERS. G. STEAM TURBINE. H. CONDENSER. 

I. FEEDPUMPS 


FIG. 1. 


The reduced quantity of water circulated cuts down 
the water velocity through the coarse cast channels 
undesirably tending to short circuiting of the water. 

Piston cooling and valve cooling have been avoided 
as far as possible by improvements in detail design 
and jacketing. The larger unjacketed pistons under 
the best conditions are not over cooled consequently 
greatly increasing jacket temperatures over the 120 to 
160 deg. F. considered practical. Heat recovery by 
this method re-introduces the need of piston cooling 
systems. The links or telescope tubes cannot be oper- 
ated under high pressure nor is a high temperature of 
coolant desirable so this system must also be isolated 
from the main water system further complicating the 
plant. 

Thus it may be concluded that steam as a by prod- 
uct of an internal combustion plant may be generated 
in the exhaust boiler, only so much of the jacket water 
being used as may be required for boiler feed. This 
naturally is a diminishing quantity as the boiler pres- 
sure is raised. 


Waste Heat Boi.Ers 


These facts are not presented to discourage conver- 
sion of waste heat into steam. A well designed exhaust 
_ boiler properly placed in relation to a Diesel engine 
may produce as much as 1.30 lb. of low pressure steam 
per horsepower hour as calculated below. 
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The Diesel exhaust may be discharged at 900 deg. 
F. and utilized only down to about 300 deg. F. since 
condensation of the water of combustion in the exhaust 
system allows combination with products of the sul- 
phur in the fuel. Sulphurous acid then appears in the 
system and corrosion at joints follows. 

Thus the maximum possible boiler efficiency may 
be expressed as 


(900 — 300) — 900 = 0.67 


and the exhaust heat recovery under full load condi- 
tions as 


0.67 < 2000 — 1340 B.t.u. per b. hp. hr. 


This boiler may be fed with water bled from the 
jacket circulation at the practical maximum tempera- 
ture which might be limited to 160 deg. F.. If steam 
at 10 lb. gage is required it will contain 1032 B.t.u. 
above 160 deg. F. so that 13840 — 1032 = 1.3 lb. of 
steam may be made for each horsepower developed 
by the main engine. 

Naturally the gas engine with its high exhaust tem- 
perature and heat discharge will make more steam or 
if the recovery. heat may be absorbed in hot water 
instead of steam considerably better efficiencies may be 
expected under certain conditions. 

Again assuming equal heat dissipation in jackets 
and exhaust and 65 per cent efficiency for the exhaust 
boiler the temperature might be allowed to rise 80 deg. 
in the jackets and (80 < 0.65 =) 52 deg. in the heater, 
a total rise of 132 deg. F., thus reaching 212 deg. at 



































A 
205° 160° 
ar 
655° 
FIG. 2. SCOTT-STILL ENGINE IN WHICH STEAM GEN- 
ERATED IN A WASTE HEAT BOILER IS USED ON THE 
UNDERSIDE OF THE ENGINE PISTON 


the boiler discharge. Thus all of the jacket water 
heat less radiation in piping and 65 per cent of the 
exhaust heat may be utilized making available 3300. 
B.t.u. per b. hp. hr. 


CLEANING BoILERs 


Much has been written about the effects of scale and 
soot on steam boiler performance and adequate provi- 
sion for cleaning is made. The Diesel exhaust par- 
ticularly leaves heavy deposits of partly burnt fuel 
and lubricating oil on the interior of the exhaust sys- 
tem. These may be burned out but only at considerable 
fire risk due to sparks and brands. No exhaust heat 


























recovery system may be regarded as complete, there- 
fore, that does not include adequate provision for 
cleaning of both gas and water surfaces in minimum 
shutdown time. 

As general conclusions it might be stated that: 
When reclaiming heat for air conditioning a hot water 
system should be used, the cellular radiator and fan 
scheme should be ideal; if steam is required for process 
work only about half the recovery realized in hot water 
systems is possible; optimum temperature ranges are 
rather strictly defined. 

Figures given are carefully selected approxima- 
tions. They vary somewhat with size, specific rating, 
eycle and design of cooling system. The heat bal- 
ance at fractional loads indicates the possibility of 
well sustained hot water or steam production down to 
half load. The drop in mechanical efficiency keeps the 
indicated horsepower up so that jackets and exhaust 
still reject three-quarters as much heat at half load 
as at full load. 


Heat Recovery SCHEMES 


Attempts to gain power from steam generated by 
waste heat have not been distinguished for simplicity. 
The scheme Fig. 1, shows a German plan involving a 
low pressure turbine for jacket steam, a higher pres- 
sure condensing turbine for steam supplied by a waste 
heat boiler. Even if this plant recovered 10 per cent 
or 100 hp. from a thousand horsepower engine it can- 


not be considered economically sound at present fuel 


or power prices. 

The Scott-Still Diesel-steam plant Fig. 2 in which 
recovered steam is applied to the under side of a Diesel 
piston has had no extensive application. However, 
like many researches, it points to uses perhaps not 
contemplated by the designer. The boiler situation 
and design are better adapted to efficient waste heat 
recovery than usual. The boiler design approaches 
practicality from the viewpoint of servicing. The aux- 
iliary boiler connected (or the exhaust boiler itself 
might be fired by an auxiliary burner) is an idea that 
lends itself well to meeting peaks in heating demand 
by using engine fuel. 

Whatever use is made of the reclaimed heat, the 
apparatus should be placed and designed with the 
view of saving as much of the expense and heat loss 
of jacketed exhaust manifolds and pipe runs as possi- 
ble. The ideal heater would replace the exhaust mani- 
fold permitting the remaining run of exhaust pipe 
to pass through the building unjacketed and it should 
make unnecessary any great additional expense or 
complication for muffling. 


InsuLaTion of building walls results in heat saving, 
which is greater in proportion as wall construction is 
poorer. For instance, for a brick-veneered frame wall, 
1 in. of insulation might reduce the radiation 38 per 
cent; the same insulation on an unplastered concrete 
wall might save 65 per cent of the radiation; for a thin 
sheet metal wall like insulation might save 76 per cent 
of the radiated heat. 

Insulating the ceiling below an unheated attic is 
less effective, since the attic temperature will be de- 
creased thus increasing the temperature head between 
room and attic which tends to greater radiation loss. 
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Does GasolineRemoval 
Degrade Natural Gas? 


By D. W. CAMPBELL 


N SOME PARTS of the country, natural gas is 
largely used as fuel under boilers, hence the ques- 
tion of decrease in its heating value by removal of 
gasoline vapor becomes of importance to power plant 
engineers in those regions. In general, this decrease 
is overestimated, the loss being about 2 per cent for 
dry gas as usually supplied to domestic consumers. 
For casing-head gas the percentage is larger but a 
high gasoline content usually indicates a gas of. high 
heating value after gasoline has been removed. 
Common supposition is that, since gasoline vapor 
has higher heat value per cubic foot than hydro-carbon 
gases, its removal must result in great reduction of 
heating value of the gas. This results in investigation 
by public utilities commissions and tests which show 
a really small loss. This settlement of the question is 
often not permanent and the controversy bobs up again 
in a year or two with more disturbance and expense 
to the public and the gas companies until another 
investigation results in another settlement, and so on. 
Higher hydrocarbons are liquefied by pressure so 
that gas which flows or is handled under pressure is 


HEAT VALUE OF GASES BEFORE AND AFTER GASOLINE 








REMOVAL 

BoteUe Betee Loss in Percentage Gasoline 

ue of value of B.t.u. loss in heating recovered, 
intake gas discharge value value, calculated gallons per 
per 1000 gas per to decrease in 1000 cu.ft. 
cu.ft. 1000 cu.ft. volume 

950 941 9 0.947 0.1 
1,040 1,032 is 1.731 0.2 
1,085 1,059 26 2.596 0.3 
1,137 1,094 3.782 0.5 
1,172 1,115 51 4,853 0.7 
1,245 1,165 80 6.426 1.0 
1,400 1,279 121 8.643 1.5 
1,560 1,416 144 9.231 2.0 
1,750 1,547 10.578 2.5 

8 1,695 207 10.950 3.0 
2,050 1,823 227 11.072 3.5 
2,250 1,994 256 11.790 4.0 


usually dry gas with little gasoline vapor. Casing-head 
gas, which is produced in small quantities in connection 
with oil wells, also natural gas which is pumped under 
low pressure will carry more gasoline vapor but it is 
usually uneconomical to supply these commercially be- 
cause of the expense of gathering. Also air leakage 
into the system when pumping gas under vacuum re- 
duces the heat value and is objectionable. 

Unless the vapors are removed, condensation of 
gasoline and water in pipe lines causes trouble by dis- 
integrating rubber gaskets with resulting leakage, also 
by collection of water in pockets, which freezes and 
cuts down line capacity. Both cause lowering of pres- 
sure. Traps for collection of gasoline and water, to be 
blown out at intervals, cause waste of gasoline and gas. 
Water vapor carried in the gas reduces its heating value 
during combustion and gasoline might better be re- 
moved and saved at the start than blown out of traps 
and wasted. The saving in the U. S. A. is probably 
over 100,000,000 gal. a year. 
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Single Phase Operation of 


RAGE BREAKDOWN HORSEPOWER 


THREE PHASE MOTORS OPERATING 
SINGLE PHASE 


1800 
SYN. R.P.M. 


AVERAGE BREAKDOWN: HORSEPOWER OF 3 PH. 
MOTORS OPERATING SINGLE PHASE 


FIG. 1. 


T SOMETIMES HAPPENS that a three phase in- 

duction motor is accidentally operated single phase, 
due to the blowing of a fuse, or a similar cause, and 
it is of interest to know what may happen in such a 
contingency. 

If a three phase motor is running and one phase is 
disconnected, it will continue to run, if the load is not 
too heavy. Actual tests show that the breakdown 
load or maximum horsepower of a three phase induc- 
tion motor operating single phase is about 43 per cent 
of its normal maximum horsepower, operating poly- 
phase. The normal polyphase maximum horsepower 
is subject to considerable variation, depending on the 
design and the speed of the motor. High speed induc- 
tion motors usually have a. considerably higher maxi- 
mum horsepower than lower speed motors, because 
the wattless current component of a high speed motor 
is usually small compared with the working current, 
and the stator winding can be made rather strong 
and the maximum horsepower rather great, without 
materially affecting the power factor. As the number 
of poles increases and the speed decreases, the watt- 
less current component becomes greater in compari- 
son with the working current, and strengthening the 
stator winding too much reduces the full load power 
factor considerably, the effect on fractional load power 
factors being still more pronounced. On account of 
differences in design, it is impossible to make a definite 
statement as to what the maximum horsepower of a 
given polyphase motor will be when operating single 
phase, but the curve shown in Fig. 1 shows, in a gen- 
eral way, what may be expected from average motors. 

The eurves plotted in Fig. 2 show the values of 
stator currents which may be expected when three 
- phase motors run single phase. It will be noted that 
the theoretical ratio of 1.73 is obtained only at a single 
load, which will be about half the normal rating of the 
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Three Phase 
Induction 


Motors 


By C. P. POTTER 


Manager, Large Motor Engineering Dept. 
Wagner Electric Corp. 


motor. This ratio increases with the load, and if the 
maximum horsepower point is approached, the stator 
current of a three phase motor may be 2.5 times as 
much on single phase as it would be three phase. If 
a motor is operating single phase with a stator current 
much larger than the full load current stamped on 
the name plate and is not adequately protected against 
overload, it will have an excessive temperature rise. 
The stator winding will probably be destroyed, the two 
phases which were energized being burned consider- 
ably more than the third phase, and the temperature 
rise which may be expected in 40 deg. open motors 
may be obtained from Fig. 3. If adequate overload 
protection has been provided, the overload relays will 
operate and disconnect the motor from the line before 
the winding is overheated. 


AVERAGE CURRENT CURVES OF THREE PHASE 


MOTORS OPERATING SINGLE PHASE 
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FIG. 3. AVERAGE LOAD TEMPERATURE CURVES FOR 40 
DEG. 3 PH. MOTORS OPERATING SINGLE PHASE 


Up to this point it has been assumed that the 
motor will continue to run on single phase. If the 
motor is fully loaded, or (in many cases) if it is 
carrying somewhat less than full load, it will not be 
able to continue operating on single phase and will, 
therefore come to a standstill. It will then be locked 
on single phase and a three phase motor stalled due to 
single phasing will have a locked current equal to 
about 84 per cent of the three phase locked current. 
This current will be from four to five times the full 
load current, and suitable overload relays will dis- 
connect the motor from the line before the stator 
winding reaches a dangerous temperature. 


If phase failure occurs while the motor is stand- 
ing still, and later an attempt is made to start it on 
single phase, it will, of course, have no starting torque 
and the rotor will remain stationary. The stator cur- 
rent will again be from four to five times full load 
current and suitable overload relays will protect the 
motor. If phase failure occurs while the motor is 
carrying a light load so that it continues to operate 
and the single phase current is not large enough to 
trip the overload relays, nothing abnormal may be 
noticed until the motor is shut down and an attempt 
is made to start it again. In such a ease, the con- 
ditions will be the same as have just been described. 


No mention has been made of the effects of single 
phase operation on speed, power factor or efficiency, 
because, after all, such a condition is abnormal and 
the principal consideration is to prevent the motor 
from being damaged. Adequate overload protection is 
simple and economical even for the smallest ratings 
of polyphase motors and the users of such motors 
should see to it that overload protective devices are 
provided and that they are properly set and main- 
tained. Overload relays having a rating of 1.15 times 
the full load current of the motor are recommended 
for 40 deg. open type motor general purpose motors, 
and one size smaller relay is recommended for totally 
enclosed 55 deg. continuous rated machines. Motors 


having special time or temperature ratings should be 
protected against overload in accordance with the 
manufacturer’s recommendations. 
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Steam Blast Circuit 
Breaker 


N THE COURSE of electrical engineering work at 

the University of Colorado some interesting experi- 
ments have been made in the development of new 
types of circuit breakers. Two types investigated 
show possibilities of incorporating the several desir- 
able features requisite in a satisfactory circuit breaker, 
one an air stream circuit breaker and the other a 
vapor-blast circuit breaker operating with the use of 
water. 

In the air stream breaker, as the circuit breaker is 
trapped, a blast of compressed air operates to lengthen 
the are to the natural breaking point and also to re- 
move ionized gases from the arcing chamber. 









U4 PRESSURE DEVELOPING 
CHAMBER 


SHOULDER 


SPRING IN 
TENSION 


INSULATING HOUSING + STATIONARY TERMINAL 


STEAM BLAST CIRCUIT BREAKERS 


The steam blast breaker is more complex. A sec- 
tion of it is shown in the accompanying illustration. 
This breaker has ideal theoretical features and some 
seemingly attractive possibilities. The fundamental 
principle of this design includes also the lengthening 
of the are and deionizing of the are space, but accom- 
plishes that result by means of a steam blast rather 
than an air blast. In principle, as the breaker is 
tripped the lower contacts open, establishing an are 
just beneath the surface of a relatively small quantity 
of water, rapidly vaporizing that water. As the 
breaker travel increases the upper or secondary break 
occurs, establishing an are in the deionizing are cham- 
bers as indicated. The blast of vapor from the lower 
chamber then operates to extinguish the are in the 
upper chambers. 

A crude model of this breaker, made up of two 
2-in. 4-way iron pipe fittings with a 1-in. pipe forming 
the connecting port, was tested under short circuit 
conditions similar to those mentioned for the air blast 
breaker, and successfully interrupted 240 kv.a. at 
2.3 kv. in the sixth half-cycle. The breaker operated 
so quietly that it was impossible to tell whether or 
not the circuit had been interrupted except for a 
streak of greenish flame appearing for an instant at 
the exhaust opening. 
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Readers’ Conference 


Recirculation Prevents Rack Ice 


DvuRING WINTER MONTHS many plants in the north- 
ern latitudes are bothered with ice if they depend on a 
river or lake supplying cooling water through trash 
racks. 

An interesting installation was recently worked 
out. This plant operated condensing and required 
about 55,000 gal. of water per minute for the condenser 
circulating pumps. This water flowed through trash 
racks into an intake tunnel beneath the plant. The 
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RECIRCULATING SYSTEM FOR PREVENTING RACK ICE 


circulating pumps picked it up from this tunnel. In 
extreme cold weather ice would freeze on the racks 
starting at the surface of the river and gradually 
working down as it froze. Often in a single night this 
action would decrease the water level in the tunnel 
six or eight inches lower than the river level. With a 
high river this icing caused little trouble. But when 
the water level was low to start with a six-inch drop 
in the tunnel level would often be sufficient to cause 
loss of pump suction. A recirculating pump was in- 
stalled as shown in the sketch.. This pump was rated 
at about 5000 gal. per min., low head. The suction of 
the recirculating pump was piped to the condenser 
discharge tunnel. The pump discharge was carried 
back to the forebay in front of the trash racks. 

During very cold weather the discharge gates of 
the condenser circulating pumps were closed down 
until a discharge water temperature of about ninety 
degrees F. was obtained. The slightly warmed water 
was then at high enough temperature to keep ice from 
forming on the racks. The slight sacrifice in vacuum 
by throttling the cooling water was more than repaid 
in freedom from ice troubles. This system has kept the 
racks free from freezing for two winters. 


Waterville, Maine. Harry M. Sprinea. 


Centrifugal Pump Suction 


HAVING PERSONALLY installed and operated many 
centrifugal pumps, some of which were arranged with 
suction piping designated as troublesome by Mr. 
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Pearce on page 487 of the November °33 issue, my 
experience would indicate that any engineer who looks 
after a centrifugal pump and gives it as much atten- 
tion and care as he would a reciprocating pump will 
have no unusual trouble with either the suction or 
discharge line. 

The principal rules are to keep the suction pipe 
tight with lots of clear water supply just as you would 
any pump. A partly stopped discharge will not cause 
the pump to drop the water out of the suction pipe. 
Any pump will lose its prime if the suction water is 
cut off for a few seconds or excessive leakage takes 
place, but even a small amount of leakage in the suc- 
tion line will show up on the suction gage and thus 
give warning to the attendant. I have never been con- 
fronted with the generation of steam in the pump 
impeller and would consider it an extremely rare 
occurrence. 


Toronto, Canada. JAMES KE. Nosie. 


Re-Use of Lubricating Oil 


In THE NovEMBER issue, p. 487, the above subject 
is discussed, referring to my previous article on Crank 
Case Oil in the October issue. 


In the technical references, which I previously 
cited, it is clearly shown that color is no criterion by 
which to judge the lubricating qualities of oils. How- 
ever, color does influence sale of oils to the inexperi- 
enced and if, in reclaiming crank case oil, the original 
color is restored, then by U. S. Internal Revenue law 
there is a tax of 4 et. per gal. on that oil. Specifically, 
the law requires payment of a tax on reclaiming your 
own oil, if you restore the oil to equivalent (all) quali- 
ties of the original. Inasmuch as bleaching to original 
color is additional cost in the reclaiming process and 
tax should then be paid, this color restoration is usually 
omitted. 


To the inexperienced, oil is ‘‘worn-out,’’ when it 
becomes contaminated with sludge, dirt and gasoline ; 
and they do not understand that crank case oil deposits 
its sludge of wax and asphalt in the engine operation 
on account of a second pressure-temperature refining 
and proper oxidation in the engine circulation. 


By each repeated refining, a mineral is more puri- 
fied, and mineral oils are no exception. In the dry 
cleaning processes, where naptha is used over and over 
continuously, the cleaners tell us that each repeated 
re-refining obtains or results in an improved product. 
Re-refining of steam cylinder oil would remove some 
of the animal or vegetable oils from the mineral oil 
base, if a compounded cylinder oil is being used; but 
with crank case oils as used in all internal combus- 
tion engines, no lubricating qualities are removed by 
re-refining, and all the specified physical characteris- 
tics are restored. ‘ 


Providence, R. I. Denny Wi. 














Surplus Power 


THAT THE PROBLEM of surplus power is arousing the 
interest and serious consideration of many engineers 
is to be noted with satisfaction. It is also to be re- 
gretted that the problem and its solution is so fre- 
quently obscured by information, either incorrect or 
misleading, unless properly analyzed and interpreted. 
In this category I am forced to place the article by 
N. T. Pef on p. 399 of the September issue. 

Figures for required investment which I presented 
in my brief article published in the July number are, 
I believe, quite accurate. The figure of $50 per kw. 
appears about right for the required investment in an 
industrial plant, and the 35 ct. per M. lb. steam was 
intended to cover additional labor as well as fuel. 

In Mr. Pef’s article the figures given are based on 
a list given on p. 1176 of Mark’s Handbook. The 
actual investment in the 4000-kw. private plant is, 
from inspection $48 per kw., to which has been added 
$14, or nearly 30 per cent for engineering. If 10 
per cent were added to the $48 making the total $52.80 
it would be more nearly within reason. The figure of 
$65 per kw. is all right as far as it goes, but the value 
of land and building has been omitted. Adding $10.75 
per kw. for building and $0.37 for land brings the 
item up from $65 to $76.12. This figure is multiplied 
by 59/53 to correct to 20,000 kw., becomes $84.75 per 
kw. or rather close to the $85 which Mr. Pef questions. 

In the second table there is an unfortunate error 
in the estimate of additional labor in the case of the 
private plant. Additional labor is required only during 
the peak period or four peak months and not through- 
out the entire year. Thus, corrected, the savings be- 
come $57,250 in favor of the private power plant 
installation. 

In closing I must point out what is, I believe, the 
most serious error in Mr. Pef’s reasoning—the state- 
ment that no sane industrial plant owner will spend 
$1,000,000 when the prospects of gain are only 5 per 
cent. This is extremely misleading for it does not cover 
the assumed case at all. The assumption is that the 
peak load of the utility system will increase during 
the coming year to an extent that additional capacity 
of 20,000 kw. will have to be installed to carry it. This 
installation will cost the utility $1,695,000 for its own 
plant, or $1,240,000 if installed in conjunction with 
the assumed industrial plant. The question, properly 
stated, is, is it not more advantageous to the utility 
to make an original outlay of only $1,240,000 rather 
than $1,695,000 and in addition save $57,250 annually ? 
I believe the answer is decidedly yes. 

To support this viewpoint is the recent installation 
of a mercury-steam plant at Schenectady to provide 
for a similar situation, and one a little less recent at 
Wilmington. Regardless of the contention that there 
are in Chicago only 10 isolated plants with potential 
surplus capacities of 2000 b.hp., there are throughout 
this country plants of several major industries which 
could well codperate with the utilities at a mutual 
saving in original investment and annual operating 
expenses. The only way the problem will ever be satis- 
factorily settled is when someone with a knowledge 
of the requirements of both parties will work it out 
with the wholehearted codperation of each. 


New York, N. Y. AuFrepD W. Fox. 
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In My First Reputy to Mr. Fox, the idea that I 
tried to bring out was that Surplus Power will not 
find wide application. I know of the Schenectady 
plant as well as of the few others that generate Sur- 
plus Power but my contention is that the number of 
industrial concerns that can profitably supply current 
to a power line are so extremely rare that the ambi- 
tion with which engineers have written and sponken 
on this subject is out of all bounds of its possibilities. 

I did not question Mr. Fox’s estimates but I do 
question their application. I stated that if the 20,000 
kw. could be generated in a single plant, his estimate 
is probably all right ; but industrial concerns that have 
that high a surplus power capacity are either non- 
existant or, if any, are indeed few. For this reason 
the investment for the surplus power plant should not 
be based on one 20,000 kw. capacity, as Mr. Fox has 
done, but on a large number of small plants, at least 
ten and maybe 20. Bearing this in mind, Mr. Fox’s 
estimate of $85 per kw. for the central station invest- 
ment and $50 per kw. for the isolated plant is in- 
correct. My objection was directed against the ratio 
between the two figures and not against the individual 
figures. 

Mr. Fox finds my statement that no industrial 
power plant owner will spend $1,000,000 when the pros- 
pects of gain are only 5 per cent with all its uncertain- 
ties ‘‘the most serious error in my reasoning.’’ On 
that contrary, that is my most potent argument 
against the unjustified optimism for surplus power 
possibilities. But Mr. Fox turns my statement up-side- 
down when he asks if it is not better to spend $1,240,- 
000 rather than $1,695,000 and in addition save $57,250 
annually. 

That is not the question at all. The utility will 
simply buy this power which will be generated in at 
least ten industrial power plants. For the utility to go 
and install generating equipment in the plants of inde- 
pendent industrial concerns will lead to complications 
without end. So, the real question assuming 10 plants 
is this: ‘‘Will any industrial concern be willing to 
spend $124,000 when the prospects of gain are only 
$5,725 per year with all the uncertainties?’’ I reply, 
No! And then, this profit of $5,725 must be split 
between the industrial concern and the utility, for the 
latter is also entitled to some advantage or there will 
be no incentive for it to promote the combination. 

In conclusion, I do not deny the practicability of 
surplus power; but I contend that its possibilities are 
indeed limited, so limited in fact that the expectations 
of the engineering world, as judged by the enthusi- 
asm with which the subject is spoken and written 
about are not justified by any stretch of the imag- 
ination. 


Chicago, Ill. N. T. Per. 


Diesel Engine Costs 


In Your OcrToser issue, page 421, certain Diesel 
engine costs are given by Otto Nonenbruck, who con- 
cludes the Diesels will generate at from 12 to 30 mills, 
but the assumptions are not quite correct. Diesels are 
less costly than $80.00 to $100.00 a kilowatt, and 15 
per cent fixed charge is high; 12 per cent would be 
more in line. 
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He states 5 mills for these charges, but they would 
be nearer three. Further, Bunker C oil, etc., would 
not cost over two or three mills instead of five, and 
although he mentions $4500.00 for labor cost, he is 
only running his engine 10 hr. a day. so that this cost 
would really be about five mills, a total of about ten 
mills for this low use factor. 

Regarding continuous operation, we have many 


engines which have run for years on a continuous _ 


basis, with the ordinary inspections every 30 da., 
and several engines have run from 1 to 2 yr. without 
shutdown. 

The Diesel engine costs about as much per kilowatt 
of capacity as a comparable steam plant, but its heat 
rate is around 10,000 B.tu. per kw-hr. as against 13,000 
for the best steam plant. The reliability of the Diesel 
is granted by every well-informed person at this time, 
after its many years of successful use, so that if a 
good use factor exists the Diesel will earn enough to 
amortize its cost in a few years because of its high 
thermal efficiency. 


Boston, Mass. Wm. G. STARKWEATHER. 


Water in Turbine Bearing Oil 


WHEN THE height of oil in the gage glass of the 
turbine reservoir rises, it is a sign that the system is 
either overheating, causing expansion, or that water 
is finding its way into the oil. Either cause is sufficient 
to worry the average operating engineer. 

The drain valve or cock, at the lowest point of the 
oil reservoir, should show water, if that is the cause 
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of the increased height in the glass and the surplus 
may—for the time being—be removed. But the ques- 
tion then arises, ‘‘Whence comes this water?’’ 

In some turbines the cooling of the oil is done in 
the main reservoir but in other systems, the cooling is 
accomplished by coils laid in the babbit of the bearing 
shell of each journal. 

This method of determining the leaky coil applies to 
the latter system of cooling. If union flanges or cou- 
plings are installed on either side of all bearings, in the 
water cooling system, the test may be made in a short 
time. 

The fitting shown (union, valve, gage and hose con- 
nection) should be coupled to one side of the bearing 
and the other side of bearing blanked. 

If air or water pressure (air is more sensitive) is 
now applied until the gage shows 20 or 30 Ib., and then 
the valve closed, the leaky point will be quickly deter- 
mined, as the pressure will drop immediately. This 
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method shows the faulty bearing in short order and 
saves much valuable time. 

Generally the trouble is caused by vibration rup- 
turing the water pipe where it enters or leaves the 
bearing shell, though I have seen a cracked coil in the 
babbit cause this trouble. 


Lawrence, Mass. Tom THUMB. 


Conservation Efficiency ? 


REcENTLY, I was struck by the statement on the 
cover of your December issue, that the Schenectady 
Mercury-Vapor Steam Plant has ‘‘a thermal efficiency 
close to 100 per cent.’’ In reading the article on page 
512 it appears that you justify such an astounding 
statement on the basis that the exhaust steam is util- 
ized and therefore should not be charged to the power 
unit. 

I wish to protest against such an abuse of the term 
thermal efficiency which by definition and long usage 
has been established as a technical expression for the 
degree of conversion of heat energy into work. The 
fact that the exhaust steam can be used for purposes 
other than producing power, reduces the cost of the 
power but does not increase the thermal efficiency of 
the power unit or plant. If this were not true a low 
pressure steam engine 50 yr. old with leaky valves 
and piston would aiso have a thermal efficiency close 
to 100 per cent when all of the exhaust was being 
used for heating and process purposes. As it is, even 
the best of the mercury-vapor plants has a thermal 
efficiency less than 40 per cent. 

For the efficiency of a power unit in an industrial 
plant where the power unit is credited with the heat 
content of the exhaust steam why not use a different 
term such as conservation efficiency? The appro- 
priateness of this name is based on the fact that this 
is a process which depends on conserving the exhaust 
steam and is in no way dependent upon the thermo- 
dynamic performance of the power unit. Radiation, 
mechanical and electrical losses are the only factors 
which affect the conservation efficiency. 

In speaking of the overall efficiency of one of these 
plants it is sufficient to say ‘‘plant efficiency,’’ the 
same as we say ‘‘boiler efficiency’’ without the inser- 
tion of the word ‘‘thermal.’’ The plant efficiency could 
in no case be very close to 100 per cent because of the 
boiler losses. 


Brooklyn, N. Y. P. H. Harvie. 


Variable Pressure Operation 
of Boiler and Turbine 


THE NovEMBER issue of Power Plant Engineering 
contained a short article by N. T. Pef on page 488. 
This consisted of a description by Mr. Pef of plant 
operation by varying the boiler pressure with the load 
to control the turbine output. 

This is an interesting departure from conventional 
operating methods and most certainly warrants further 
study as to its possibilities for special applications. I 
fully agree that with the small steam storage capacity 
of the modern high pressure boiler they are exceed- 
ingly responsive to the slightest change in combustion 

















rate, especially with fuels that are burned in suspen- 
sion. 

If, however, this method is applied to the general 
plant without exception I believe there is a chance for 
trouble. This would lie in the operation of the turbine. 
In one case which I have in mind as an illustration 
there is a 3000-kw. turbine. Throttle steam conditions 
are 400 lb. absolute and 550 deg. F’. total steam temper- 
ature. Exhaust pressure is 0.488 lb. per sq. in., absolute 
with regard to a 30 in. barometer. When operating at 
full load actual tests have shown that when the pres- 
sure is reduced to 300 lb. there is a reduction in the 
superheat of 50 deg. at the throttle. Steam pressure 
was reduced by decreasing the combustion rate of the 
boiler furnaces, which, incidentally, burned pulverized 
coal. It was found that on this reduction of pressure 
and proportionate temperature drop, the moisture con- 
tent of the steam leaving the last stage of the turbine 
increased six per cent. This moisture increase through 
the last stages of the turbine constitute a much more 
serious problem than shown in actual performance and 
efficiency tests. 

Turbine manufacturers have made fine progress in 
erosion control of turbine blading in late years, 
through the use of suitable alloys, but prescribed 
superheat is necessary for best performance. Where 
the turbine is put up against frequent operating con- 
ditions of reduced superheat and increased low pres- 
sure moisture serious erosion will result. These state- 
ments are made with the assumption that variable 
pressure operation is carried out with boilers having 
the usual type of convection superheater. There are 
special cases where excess superheater surface is in- 
stalled to an extent that desuperheating is employed. 
In these cases desuperheating may be reduced when 
pressure reduction is effected with the result that the 
actual superheat is stepped up enough to hold the 
moisure content within allowable limits. 

This is not intended as to be taking issue with Mr. 
Pef, but pointing out an important point which other- 
wise might be neglected. 


Bethel, Maine. Harry M. Sprina. 


Electrical Troubles,That Add Interest 
to Life 


THE ACCOMPANYING SKETCHES illustrate some of the 
things which occur every once in a while just to keep 
an engineer’s life from becoming too monotonous. 

Figure 1 is a collector ring and brush holder on a 
100-kw. 3 wire, 3 phase, 220 v. generator. This machine 
is located in the engine room of an elevator and flour 
mill furnishing current for all light and power for 
a few motors. When the flour mill is running, this 
generator must be kept in operation at all times if it 
is humanly possible to do so. One night, one of the 
brushes on this collector ring started sparking badly 
so that the engineer on watch sent for me. Arriving 
on the spot I found the engineer holding the brush 
against the ring with a stick and as long as he held 
the stick against the brush there was no sparking. 
The trouble was due to the fact that the brush had 
worn down so that the tension spring came in contact 
with the screw that fastened the flexible connection of 
the brush to the brush holder arm, preventing the 
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spring from pushing the brush against the ring. This 
condition caused a poor contact and consequent spark- 
ing. 

Due to a peculiarity of construction it was impos- 
sible to get this brush out and put in a new one while 
the machine was running, so I took a piece of wood 
and shaped it so that it held the brush down in the 
brush holder and let the pigtail come out along side 
of it freely. This kept the machine in operation until 
the mill shut down two days later when the brush was 
replaced. 

Figure 2 is a push button so arranged as to stop 
the motor served by the compensator. When the but- 
ton is pushed, the button opens the circuit and causes 
the no-voltage relays to operate. This motor would not 
operate if for any reason there was no current in the 
circuit of the no-voltage relays. It was, however, im- . 
portant that some device be installed for stopping the 
motor as the machine would sometimes become stalled 
and the belt would be burned badly before the operator 
could get to the compensator to shut down the motor. 
One day the motor would not start and trouble was, 
located in the push button case. Dust had worked in 
and held the contact blade A away from the contact 
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B thus opening the circuit. Removal of the foreign 
material cleared up the trouble. 

Figure 3 shows the contact shoe of the compensator 
that gave trouble. The first thing that happened was 
that the cups on the end of the rod set in a small coun- 
tersunk depression at AA occasionally slipped out of 
place and let the rod spring and cups fall to the 
bottom of the oil tank. On another occasion one end 
remained against the arm and the other end hit the 
bottom of the tank. This resulted in considerable fire 
works. This was overcome by drilling and tapping a 
hole in the end of each cup for 12-24 screws. A piece 
of rod was then threaded and screwed into this hole 
in the cup as far as the threads would let it go. Holes 
of a size to let the rod slip through easily were drilled 
through the contact shoe arms and the rod cut off so 
that when the hole was assembled these rods would 
project through the contact shoe arms at AA 4 of an 
inch. This cured the trouble effectively. 


Superior, Wis. Frep A. RutLepge. 
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New Equipment 


Indicating Potentiometer 
Pyrometer 


IN A NEW INDICATING pyrometer 
that uses the potentiometer system 
of temperature measurement, de- 
veloped by the Foxboro Co., Fox- 
boro, Mass., the pointer of the gal- 
vanometer swings just above the 
temperature dial and is brought to 
balance at the same hair line index 
which marks the measurement on 
the temperature scale. The hair 
line is part of a glass window 
through which both the pointer 
and the scale can be viewed at the 

-same time. Because of this fea- 
ture, balancing and reading the 
instrument are practically one op- 
eration. 

Seventeen inches of actual scale 
length are provided by the 6-in. 
dial. This increases the accuracy of 
the readings since the scale can be 
more finely divided. 

Thermocouple leads are brought 
to a connection compartment, 
sealed from the interior of the 
case, and with openings for in- 
troduction of conduit if desired. 

By the use of a selector switch, 
the indicator can be used to give 
temperature readings from any 
number of thermocouples located 
at widely scattered points. 


Unibloc Engine-Refrig- 
eration 


For Compact engine-driven re- 
frigeration compressors, Worthing- 
ton Pump & Mach. Corp., Harrison, 
N. J., has introduced a line desig- 
nated as Unibloc Diesel and Gas 
Engine Compressors. In_ these 
units, a compressor cylinder is 
mounted directly on the base of a 
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standard Worthington vertical 
four-cycle Diesel or gas engine. 
The piston of one power cylinder 
is replaced by a cross head, con- 
nected by a piston rod to the com- 
pressor cylinder situated directly 
above. 

Unibloe compressors are avail- 
able in a complete range of sizes 
for handling all types of refriger- 
ants. In the larger units, the num- 
ber of compressor cylinders is in- 
creased to obtain the required ca- 
pacity. 


Thermometers 


Jas. P. Marsa Corp., 2073 
Southport Ave., Chicago, Ill., an- 
nounces two new dial thermom- 
eters, Types 57 and 58, both instru- 
ments being constructed in either 
the distant reading or self-con- 





tained type. The standard instru- 
ment has a 5-in. diameter dial 
mounted in black finish steel case 
with a bayonet type ring and can 
be furnished with back connection. 
Type 57 is a vapor tension ther- 
mometer for temperatures below 
500 deg. F. It is constructed with 
an increasing scale which permits 
wide and easily legible divisions 
over the upper or working part of 
the scale. Type 58 is illustrated. 
This is a gas filled thermometer in- 
tended for temperatures up to 800 
deg. F. and has a uniform scale. 


Relay Interrupts 
10,000,000 Times 


IN RECENT TESTS, a new vacuum- 
contact, auxiliary-potential relay, 
developed by the General Electric 
Company, closed and interrupted a 


five and one-half ampere, 250-v. 
direct-current circuit ten. million 
times without requiring any main- 
tenance. The relay, designated as 
type HBA, is intended for use in 
atmospheres which may contain 
explosive gases. It is particularly 
suitable for application in coal 
mines, oil refineries, flour mills, 
and grain elevators. 

The equipment, which is en- 
closed in a steel container, has 
single-pole, double-throw contacts 
located in a heavy-walled glass 
tube, from which the air has been 
evacuated. At one end of the 
tube is a metal bellows. A movable 
contact is connected to the bellows 
and operates between two station- 
ary contacts. Normally, one con- 
tact is closed and upon the appli- 
cation of energy to the coil the 
normally-closed contact opens and 
the normally-open contact closes. 

The relay ratings are 15 am- 
peres continuous, 10 amperes inter- 
rupting at 115 and 230 volts, 60 
eyeles and 125 and 250 volts direct 
current. 


Remote Indicator 


TELEMCcO SystkM, manufactured 
by the Pittsburgh Equitable Meter 
Co., Pittsburgh, Pa., consists of a 
transmitter and a receiver electri- 
eally connected by means of ‘a 
standard telephone circuit. The 
transmitter is placed where the 
measurement is being taken and 
the receiver where the measure is 
to be indicated or recorded. 

Any mechanical movement pro- 
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duced by water level, steam pres- 
sure and position, which actuates 
the transmitter through a suitable 
linkage connected to a pressure 
spring, float or Bourdon Tube, may 
be measured and transmitted. 

Power is not required directly 
at the transmitter, in the majority 
of cases, which is an advantage 
where it is desirable to install the 
transmitter in out of the way places 
where a source of current is not 
readily available, or where it would 
be inadvisable from a safety stand- 
point to expose it to inflammable 
gases or liquids. For short dis- 
tances, the system may be operated 
over a single wire with ground re- 
turn. 

In some instances, it may be de- 
sirable to have several transmitters 
or receivers in operation at inter- 
mediate points along the same sys- 
tem, dispatching information to one 
or several points. This may be ac- 
complished by the installation of 
receivers or transmitters at the 
points where the information is 
desired. 

In case of power supply inter- 
ruption, the accuracy of the system 
is not impaired upon the resump- 
tion of normal service. The receiv- 
ing apparatus is provided with an 
automatic voltage regulator by 
means of which the accuracy is 
held to within 1 per cent. Without 
this regulator, indications would 
have the same accuracy as the con- 
stancy of the power supply. 


Giuseppe Faccioli 


GIUSEPPE Facciou1, former 
works-engineer and associate man- 
ager of the Pittsfield, Mass., works 
of the General Electric Company, 
died in Pittsfield, January 13, about 
four years after his retirement be- 
cause of ill health. His death fol- 
lowed by less than a week that of 
his mother, 91 years old, who lived 
with him in Pittsfield. 

Mr. Faccioli was born in Milan, 
Italy, in 1877, the son of an Italian 
army colonel. He came to this 
country nearly 30 yr. ago, follow- 
ing his graduation from the Uni- 
versty of Milan. Here he was first 
employed by the New York Edison 
Company, and later by the Inter- 
borough Rapid Transit Company. 
He then became a designing engi- 
neer for the Crocker Wheeler Com- 
pany, following which he became 
associated with William Stanley. 

When the Stanley firm was ab- 
sorbed by the General Electric 
Company, Mr. Faccioli became as- 
sociated with the railway depart- 
ment of the company at Schenec- 


tady, and later at Pittsfield. In 
1913 he was appointed works engi- 
neer of the Pittsfield plant, and in 
1927 became associate manager. 


Mr. Faccioli spent considerable 
time at Schenectady, where he was 
associated with the late Dr. Charles 
P. Steinmetz, whose researches in 
the field of lightning became fam- 
ous. These studies, continued at 
Pittsfield by Mr. Faccioli, contrib- 
uted largely to the success of the 
now famous high voltage labora- 
tory there. Like Steinmetz, with 
whom his name was so often linked, 
Mr. Faccioli was a cripple. Unable 
to walk, he was wheeled around his 
laboratory and office. 


L. B. Nutting 


Louis BuacKstoNE NutTTING, 
president of the Foster Wheeler 
Corp., died at his home in New 
York January 12 after several 
weeks illness. Born at Lansing, 
Minnesota, in 1871, Mr. Nutting’s 
early years were spent in the wheat 
belt, but in 1893 he joined Henry 
R. Worthington. In 1900 Mr. Nut- 
ting left Henry R. Worthington to 
associate himself with R. D. Wood 
& Co., of Philadelphia. In 1903 
the Power Specialty Co. was or- 
ganized and he took the position of 
general sales manager and director, 
then secretary and later president. 


After the United States entered 
the World War Mr. Nutting was 
active in developing standardized 
water tube boilers for cargo vessels. 
The Foster Marine Boiler Corp. 
formed at the termination of the 
war to take over the construction 
of these boilers was merged with 
the Foster Wheeler Corp. in 1930. 
In 1920 Mr. Nutting became a di- 
rector of the Wheeler Cond. & Eng. 
Co. and it was largely through his 
efforts that a consolidation was 
formed between the Power Spe- 
cialty Co. and this company. The 
Foster Wheeler Corp. was formed 
by the consolidation of these com- 
panies, and Mr, Nutting remained 
as president and director of the 
new organization and held both 
positions until his death. 

Mr. Nutting was active in sev- 
eral other affiliated engineering 
organizations including the Canadi- 


an Power Specialty Co., Ltd., and - 


the Destructor Co., and at the time 
of his death was a director of the 
Petroleum Distillation Corp. He 
was a member of the Bankers Club 
of America, the Baltusrol Golf 
Club, the Accomack Club, the Boca 
Raton Club and the American So- 
ciety of Naval Engineers. 
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Heating and Ventilating 
Exposition in New York 


WITH A LARGE AREA Of its exhibit 
space already sold, the Third In- 
ternational Heating and Ventilat- 
ing Exposition to be held at Grand 
Central Palace in New York City, 
February 5th to 9th inclusive, 1934, 
is on its way to surpass in extent 
and variety of exhibits its earlier 
successful efforts. The last expo- 
sion was held in Cleveland in 1932, 
and the first one took place in Phil- 
adelphia in 1930. 


Practically all of the exhibitors 
are planning special features: in 
connection with their displays and 
the tendency will be toward anima- 
tion in exhibits which will not only 
draw attention of the audience, but 
will better inform them of the prac- 
tical points of operation and effect. 
There will be heaters and burners 
designed to operate with gas, oil, 
solid fuels, and electricity; also 
fans, air filters, humidifiers, unit 
heaters, and unit coolers. Heat in- 
sulating materials and new prod- 
ucts in the field of refractories, 
noise eliminating devices, and elec- 
trical operating and control devices 
will be featured. These will con- 
stitute a large group of the valu- 
able accessories which are utilized 
in making homes and office build- 
ings correct as places in which to 
live and work, regardless of the 
weather in general, and adaptable 
to buildings of every type of con- 
struction. 


Air-conditioning will be espe- 
cially featured, as will refrigera- 
tion in its relation to the condition- 
ing process and equipment. Shown 
also will be the latest developments 
in boiler design, vacuum heating 
systems, circulating hot water sys- 
tems, air filters, and noise filters. It 
will be possible for the owners and 
operators, both of buildings and 
homes, to determine the best kind 
of equipment and the best type of 
fuel for their particular conditions. 
Unit heaters will be featured exten- 
sively, as will be domestic auto- 
matic stokers. There will be fans 
and blowers of every description, 
and chimney dampers which are 
automatically controlled. A series 
of pumps designed for unusual effi- 
ciency and flexibility in the han- 
dling of fluids will be on view, and 
there will be a wide variety of 
valves, fittings, and radiation sur- 
faces. 

This year with renewed interest 
in public building projects of the 
industrial building program, the 
exposition is receiving concentrated 
attention by companies in the field. 
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News From the Field 


Tue Bristoc Co., Waterbury, Conn., 
announces the incorporation of The Bris- 
tol Co. of Canada, Ltd. Factory and gen- 
eral headquarters will be located at 64 
Princess St., Toronto, Ont., where Bris- 
tol products will be made. J. S. Mayberry 
has been appointed manager. 


Frank E. TruMste, chief smoke in- 
spector of Buffalo, N. Y., and Frank A. 
Chambers, chief smoke inspector of Chi- 
cago, respectively president and _ secre- 
tary of the Smoke Prevention Associa- 
tion, announce that the 1934 convention 
of the Smoke Prevention Association 
will be held in Buffalo, N. Y., June 19 
to 22. The Hotel Statler has been 
selected as convention headquarters. 


HerBeRT THACKER Herr, 57, vice 
president of the Westinghouse Electric 
and Manufacturing Company, and a 
noted engineer, died recently at his home 
in Philadelphia. Mr. Herr’s death fol- 
lowed an illness of about five months. 
Mr. Herr was inventor of locomotive air 
brake equipment, improvements in _tur- 
bines, oil and gas engines, and remote 
control for steam turbines, such as are 
used in electrically propelled battleships 
and men of war. 


Tue W. S. Lee ENGINEERING Corp., 
Charlotte, N. C., announces that Lawrence 
W. Wallace, formerly Executive Secre- 
tary of American Engineering Council, 
has been appoinied Vice-President in 
Charge of the Washington office of the 
corporation, which has recently been 
moved from 744 Jackson Place to the 
Woodward Bldg., 15th and H Streets, 
N.W., Washington, D. C. 


MASTER ELECTRICIANS in charge of 
Greater New York’s better buildings have 
formed an organization, known as the 
“Electrical Pilots’ Association, Inc.,” to 
promote social welfare among themselves. 


Meetings are held every 2nd Thursday of 
each month at the New Yorker Hotel. 
The secretary, A. T. Thomas, Lincoln 
Park, N. J., can furnish further informa- 
tion to anybody interested. 


GENERAL REFRACTORIES Co., Philadel- 
phia, Pa., has announced that on January 
8 S. M. D. Clapper was elected president 
of the company, succeeding John R. 
Sproul, who resigned. Mr. Clapper had 
been chairman of the board of the com- 
pany, which post is now vacated. Mr. 
Sproul also resigned as a director of the 
company and was appointed assistant to 
the president. 

Tue D. E. Wuiton Macuine Co., 
New London, Conn., announces the ap- 
pointment of Maxfield Pease, 4614 Pros- 
pect Ave., Cleveland, as representative of 
the company in that territory for the 
sale of Whiton steam turbines and gov- 
erning devices. 

THE GENERAL REGULATOR Corp., 50 
Church St. New York, announces the 
election of the following officers: C. J. 
King, president; R. A. Wright, vice presi- 
dent; F. H. Plum, vice president and sec- 
retary. The above officers were formerly 
president, sales manager, and vice presi- 
dent respectively of the Smoot Engineer- 
ing Corp. J. W. Ackley is treasurer. 
Under this management the General Reg- 
ulator Corp. is now ready to place on 
the market a line of regulating equip- 
ment featuring a new stabilizing principle. 

Dr. Rate E, Hatt, Director, Hall 
Laboratories, Inc., Pittsburgh, Pa. has 
been selected by the Pittsburgh Section 
of the American Chemical Society as the 
recipient of the 1933 (the first) Pitts- 
burgh Award. This honor, which will be 
conferred on Dr. Hall at the sectional 
meeting on February 15, has come to him 
in recognition of his distinguished service 


to chemistry and humanity, particularly 
his contributions to the fundamental 
knowledge of boiler-water reactions: and 
their applications to the practical solu- 
tion of boiler-water problems, his discov- 
eries and technical accomplishments in 
the beneficiation and conditioning of 
water for industrial and domestic use, 
and his developments in the production of 
chemicals for these purposes. The Pitts- 
burgh Award is represented by an espe- 
cially designed. plaque of gold, on which 
the relation of chemistry to industry is 
symbolized artistically. 


J. F. Hunt has recently been ap- 
pointed chief inspector of the New York 
District for the Hartford Steam Boiler 
Inspection and Insurance Co, 


Joun F. Coteman, Consulting Engi- 
neer of New Orleans, Past President of 
the American Society of Civil Engineers, 
was elected president and Frederick M. 
Feiker, formerly director of the Bureau 
of Foreign and Domestic Commerce, 
was appointed executive secretary of the 
American Engineering Council at the an- 
nual meeting of American Engineering 
Council held in Washington, January 11, 
12 and 13. Other officers representing the 
several national and local engineering 
societies were elected as follows: For 
Vice Presidents of the Council, C. O. 
Bickelhaupt, representing the American 
Institute of Electrical Engineers, Paul 
Doty, representing the American Society 
of Mechanical Engineers, A. J. Hammond, 
representing the American Society of Civil 
Engineers, W. H. Woodbury, represent- 
ing the local engineering societies. C. E. 
Stephens of the American Institute of 
Electrical Engineers was elected treasurer 
and William McClellan, was elected chair- 
man of the finance committee. The retir- 
ing president is W. S. Lee, of Charlotte, 
North Carolina. 


For the Engineer’s Library 


ELECTRON TUBES AND THEIR APPLICA- 
tions. By John H. Morecroft. First 
Edition, cloth, size 6 by 9 in. 458 pages, 
illustrated. Published by John H. Wiley 
and Sons, Inc, New York, 1933. Price 
$4.50. 


It is gratifying to announce a book 
on electron tubes by Professor Morecroft. 
To those interested in radio, whether pro- 
fessionally or as an amateur, his “Prin- 
ciples of Radio Communication” for many 
years has been the bible of radio knowl- 
edge—the one authority which always re- 
ceived first consideration. The new book 
on electron tubes, it appears, is quite on 
a par with Principles of Radio Commu- 
nication, and provides an authoritative 
source of information and data on the 
design, construction, performance and ap- 
plication of electron tubes. 


It is because of the universal applica- 
tion of the electron tube to all lines of 
human endeavor that a comprehensive 
book on the subject is of value. This 
treatise by Professor Morecroft seems to 
fulfill all the requirements of such a book. 
For the most part, it is written in sim- 
ple style and the average engineer should 
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have no difficulty in mastering the essen- 
tial part of its contents. It begins with 
a general but extensive consideration of 
electronics; the structure of matter, and 
the theory of electronic emission. This 
is followed by a thorough treatment of 
the types and characteristics of various 
types of electron tubes and finally is pre- 
sented a discussion of the application of 
these tubes. Little mathematics is used 
and that which is, is comparatively sim- 
ple. An abundance of data is presented 
in both graphical and tabular form. 


THE NomocraM. By H. J. Allcock 
and J. R. Jones. Published by Isaac Pit- 
man & Sons, 2 W. 45th St. New York 
sate Cloth, 5% by 8% in., 205 pp. Price 


An unusually complete and exhaustive 
treatise of the theory and practical con- 
struction and computation charts which 
of recent years have become extremely 
important in scientific and engineering 
work. Nomograms are classed according 
to the number of variables contained in 
the equation and this text covers the third 
class in great detail, with perhaps half as 
much space devoted to the fourth and 


higher classes. Appendix I is a summary 
of standard formulas of the third class 
to assist in the practical construction of 
the charts, the formula being followed by 
a small sketch showing the type of chart 
to which it applies. Although not ar- 
ranged in as convenient a form for the 
casual user as Lipka’s Graphical and Me- 
chanical Computation, the present text 
covers the theory in much greater detail, 
covering completely all types of charts 
with a logical arrangement and thorough- 
ness not heretofore available for those 
seriously interested in the Nomogram. 

Iron FiremMan Mrc. Co., Portland, 
Ore., is distributing a new catalog desig- 
nated as No. 33 which illustrates and 
describes the latest designs of underfeed 
stokers manufactured by this company, 
ranging in capacities from those suitable 
for domestic service to those capable of 
firing a power boiler. The description is 
carried into the important details of de- 
sign employed in the stokers. 

REPUBLIC STEEL Corp., Youngstown, O., 
Ohio, has recently published a booklet 
entitled The Technical Story of Toncan 
Iron Pipe which is an informative trea- 











tise on the subject and extremely inter- 
esting reading. The pamphlet contains a 
number of tables and other data of spe- 
cial interest to men who work with pipe. 

THE GoopyEaR TirE & Rusper Co., 
Akron, Ohio, has just published a book 
entitled The Story of the Tire which is 
told in an attractive style and well illus- 
trated to show how modern tires are 
manufactured. 

CEMENT-GuN Co., Inc., Allentown, Pa., 
has recently published a new bulletin 
designated as No. 200 which deals with 
the cement gun and its sand-cement Gun- 
ite. This bulletin contains 50 pages of 
well illustrated descriptive material and 
a great deal of useful information for 
cement workers. 

Tue Farnir Beartnc Co., New Brit- 
ain, Conn. is distributing a booklet 
entitled An Outline of History for Anti- 
Friction Bearings which is an interesting 
story full of romance as well as facts. 

Kretey & MueEtter, INc., of New 
York City, has just issued a catalog 
which covers in a comprehensive way the 
various types of liquid level controllers 
which are used for accurate liquid level 
control, not only in tanks, but also in 
pipe lines, condensers, hot wells, open 
and closed feedwater heaters and other 
vessels, 

FisHER GOvERNOR Co., Marshalltown, 
Iowa, has just published a general cata- 
log covering pump governors, regulators, 
pressure reducing and relief valves, 
steam, air, grease and gasoline separators 
and other power plant accessory equip- 
ment manufactured by the company. 
Each of the company’s product is de- 
scribed in detail with the special features 
carefully pointed out and _ illustrated. 
The entire book contains 98 pages. 

GraveR TANK & MANUFACTURING 
Corr., East Chicago, Ind., has recently 
issued a number of bulletins dealing with 
Graver elevator steel tanks, swimming 
pool water, water filters, brewery tanks 
and equipment, and distillery tanks and 
equipment. These bulletins not only de- 
scribe the problems met in dealing with 
the subjects listed, but also illustrate the 
equipment of their manufacture and show 
many installation photographs, 


THE Martey Co., Kansas City, Mo., 
has just issued a catalog dealing with 
forced draft cooling towers as designed 
and manufactured by the Marley Co. 
The catalog is well illustrated with shop 
and installation photographs and the 
principal advantages of these towers are 
pointed out. 

THE ENGINEERING Department of The 
Louis Allis Co., Milwaukee, has prepared 
a very comprehensive application chart 
showing 29 different types of electric mo- 
tors and listing the proper motor for 
over 50 different standard applications. 
One will be sent free upon request. 

Crocker WHEELER Electric Mfg. Co. 
of Ampere, N. J., has recently issued a 
new bulletin, giving a resume of their 
present line of motors, generators, motor- 
generator sets, etc. This bulletin is avail- 
able upon request. 

THE Ipeat Evectric & Manufacturing 
Company of Mansfield, Ohio, has issued 
a 16-page booklet on Capacitors for Pow- 
er Factor Correction. This booklet con- 
tains a brief explanation of “power fac- 
tor” and how the capacitor acts to correct 
low power factor. Also tables are given 
for determining the right size capacitor 
required for correction of a low power 
factor condition in practically any plant. 
Complete details of construction of Ideal 
Capacitors are also given with dimensions 
and weights. 


FLANGED FITTING, expansion joint and 
separator data are listed in new catalog 
No. 6 of The Direct Separator Co., Inc., 
Syracuse, N. Y 

Morris MacHINE Works, Baldwins- 
ville, N. Y., is distributing a new bulletin 
designated as No. 150 dealing with the 
Morris double suction high speed pumps. 
The bulletin outlines the special problems 
that are involved in the design and con- 
struction of centrifugal pumps for opera- 
tion at high speed and describes in detail 
features of the Morris pumps that solve 
these problems. 

Tue Epwarp VALVE & Mre. Co., Inc., 
East Chicago, Ind., has issued a new sec- 
tion of its catalog No. 11 covering cast- 
steel valves, in globe and angle stop, 
check, and feed line stop-check designs. 
Standard designs for pressures from 300 
to 1500 lb. are described and the catalog 
also includes secondary ratings, material 
specifications, special facings, remote op- 
erating devices and information about by- 
passes, impactors and welding ends. 


Jouns-MANVILLE, New York City, has 
just released a folder dealing with the 
company’s refractory cements, calling par- 
ticular attention to the useful character- 
istics and some recommendations as to 
their proper use. 

GorTzE Gasket & PackING Co., Inc, 
New Brunswick, N. J., in a folder illus- 
trates and describes the many gaskets and 
packing products of the company. 

THE Foxsoro Co., Foxboro, Mass., has 
just issued its bulletin No. 190 dealing 
with the potentiometer recording pyrom- 
eter which has recently been designed 
and put on the market by the company. 


THE Brown INSTRUMENT Co., Phila- 
delphia, Pa., has just issued a folder 
which illustrates and describes the Brown 
recording CO2 meter, calling particular 
attention to how fuel savings can be made 
by the use of this instrument. 


STROMBERG Motoscore Corp., Chicago, 
Ill., has just issued two bulletins on in- 
struments which have recently been de- 
veloped. One of these deals with instru- 
ments which go under the trade names of 
Aquatron and Pyknotron which are, re- 
spectively, precision instruments for de- 
termining the concentration of salts in 
solution and the suspended solids in water. 
The other folder describes the Thermo- 
tron which is an instrument for making 
accurate gravity tests of petroleum oils. 


DEARBORN CHEMICAL Co., Chicago, III, 
has issued an attractive bulletin under the 
title “Proof of Results with No-Ox-Id in 
the Railroad Field” dealing with the many 
uses for which this chemically com- 
pounded rust preventive is suited and 
presenting evidence of success in length- 
ening the life of metals exposed to the 
elements. 

Linx-Bett Co., Indianapolis, Ind., is 
distributing a new illustrated catalog on 
flexible shaft-couplings. Three different 
types are tabulated and priced, with spe- 
cial emphasis on type “RC” which em- 
ploys Link-Belt Silverlink Roller Chain 
for flexibly connecting the two toothed 
coupling halves. Both revolving and sta- 
tionary types of automatic-lubricating cas- 
ings are included. The selection of the 
right coupling for the work is made easy 
by a series of conveniently arranged 
tables. 

REPUBLIC STEEL Corp., Youngstown, O., 
has issued a new edition of its catalog 
entitled “Toncan Iron Pipe for Perma- 
nence.” This catalog contains 64 pages 
of information on corrosion resisting 
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Toncan Iron Pipe, giving technical data 
and tests under various conditions and 
a collection of installation and service 
records in a wide variety of applications. 


Tue Hays Corp., Michigan City, Ind., 
in a leaflet recently issued, describes a 
new inexpensive, light weight, portable 
combustion test set housed in a steel case 
which the corporation is now marketing. 
The set combines CO2 analyzer and dry 
type pointer gauge, and a small fountain 
pen type flue gas thermometer can also 
be supplied. 


DIESCHERIZED PiPeE AND TuBING is the 
title of a new bulletin published by The 
Babcock & Wilcox Tube Co., Beaver 
Falls, Pa. This bulletin, the first pub- 
lished on this subject, contains the more 
important facts about the Diescher Proc- 
ess and the scratch-free finish and uni- 
form wall thickness of tubes made by 
that process. 


THE SuPERHEATER Co., Bronze Foun- 
dry Division, East Chicago, Ind., has 
issued Bulletin B-1 entitled Elesco Bronze 
Castings which the company has pro- 
duced for many years to meet its own 
exacting requirements and those of a 
number of local companies. The bulletin 
gives characteristic data on the various 
bronzes manufactured, and typical uses of 
the different grades. 


THE INTERNATIONAL NICKEL Co., Inc., 
New York City, under the title, “Casting 
Monel Metal Nickel & High Nickel Al- 
loys” has just published a very attractive 
bulletin giving information on these com- 
paratively new alloys, which will aid in 
the choice of metals for specific purposes 
in power plants and allied industries. 


HacGan CorporaTIon, Pittsburgh, Pa., 
recently published a new series of bulle- 
tins describing the construction and oper- 
ation of its various units of automatic 
combustion control equipment. The com- 
plete line of Hagan control apparatus has 
been redesigned and improved during the 
past two years and these bulletins, which 
are called “Series DR,” explain the im- 
proved apparatus. 


Tue LaBour Co., Inc., Elkhart, Ind., 
has just issued Bulletin No. 40 dealing 
with its self-priming centrifugal pump, 
describing and illustrating the principles 
employed and giving many applications of 
its use in industry, together with charac- 
teristic curves and tables of specific in- 
terest. 


Rosins ConveyinGc Bett Co., New 
York City, is distributing a new bulletin 
designated as No. 87 dealing with Super 
Manga Iron, a recently developed alloy of 
cast iron which has high abrasion-resist- 
ing qualities. 


THE Foxsoro Co., Foxboro, Mass., has 
issued its bulletin No. 187 dealing with 
liquid level gages. The bulletin contains 
a comprehensive description of the de- 
tailed elements entering into the construc- 
tion of the liquid gages, together with 
helpful halftones and line drawings. 


Repusiic Frow Meters Co., Chicago, 
Ill., has issued an informative, 24-page 
catalog designated as No. 700, describing 
the principles of the electric resistance 
type of flow measurement and presenting 
a completely illustrated description of the 
cartridge sealed element principle of in- 
strument mounting wherein each actuat- 
ing mechanism is mounted individually as 
a separate sealed element which may be 
mounted or removed from the back of 
the instrument panel without disturbing 
any other element. 
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Power Plant Construction News 


Calif., Healdsburg — Geysers Devel- 
opment Co., 417 South Hill street, Los 
Angeles, Calif., plans new transmission 
line from generating station at Geysers 
to Healdsburg, where franchise for com- 
mercial electric light and power service 
has been secured. Cost about $250,000, 
with power substations and switching 
station. Fund of this amount is being 
arranged through Federal aid. 


D. C., Washington—Bureau of Yards 
and Docks, Navy Department, Wash- 
ington, will receive bids until Feb. 28 
for new boiler plant at Naval Fleet Air 
Base, Pearl Harbor, T. H., including 
250 hp. cross-drum, water tube boilers, 
steel stack, oil storage tank, pumping 
machinery and complete accessories, as 
per Specifications 7438. 


Fla., Fort Pierce—Fort Pierce De- 
velopment Co., Capt. F. M. Upton, head, 
has plans for new multi-story precool- 
ing and cold storage plant for citrus 
fruit service, and proposes construction 
at early date. Fund of $380,000 for 
buildings and equipment has been se- 
cured through Federal aid. 


Ga., Atlanta—Selig Co., 336 Marietta 
Street, manufacturer of chemical spe- 
cialties, disinfectants, etc., plans new 
one-story power house, 22x45 ft., for 
factory service. Estimated to cost about 
$20,000, with equipment. 


Ind., Columbia City — City Council 
plans extensions and improvements in 
municipal electric light and power plant, 
including installation of new 1000-kw. 
turbo-generator unit and auxiliary equip- 
ment. Estimated cost $116,600.  Fi- 
nancing has been arranged. 


Ind., Tipton—City Council is con- 
sidering construction of new municipal 
electric light and power plant to cost 
about $100,000, with equipment. Pro- 
posed to arrange financing in near fu- 
ture. 


Iowa, Independence—Common Coun- 
cil plans extensions in municipal light 
and water plant, with installation of 
new Diesel engine unit and accessory 
equipment. Program will cost $42,000. 
Financing is being arranged. 


Iowa, Villisca—Common Council has 
applied for Federal grant and loan for 
$114,390, fund to be used for new mu- 
nicipal electric light and power plant, 
for which plans have been drawn by 
Burns & McDonnell Engineering Co., 
107 West Linwood Boulevard, Kansas 
City, Mo., consulting engineer. Pro- 
posed to begin work soon. 


Ky., Owensboro—McCulloch’s Green 
River Whiskies, Inc., Owensboro, care 
of L. Freeman Little, Owensboro, vice- 
president, plans installation of electric 
power equipment in new distillery on 
20-acre tract of land on Ohio River 
near city. A one-story power house 
will be built. Entire project will cost 
close to $300,000, with machinery. J. 
Wendell McCulloch, Bowling Green, 
Ky., is treasurer. 


La., Alexandria—City Council has 
secured Federal grant and loan for $250,- 
000, for extensions and improvements 
in municipal power plant, to include in- 
stallation of new boiler equipment and 
accessories, intake tower and other 
work. Proposed to begin program in 
near future. 
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Mass., Woburn — New England 
Chemical Industries, Inc., Woburn, an 
interest of Consolidated Chemical In- 
dustries, 500 Fifth Avenue, New York, 
N. Y., plans installation of electric 
power equipment in new local two-story 
plant on New Boston Street, estimated 
to cost about $140,000. J. Francis Ward 
is company architect. 

Minn., Morris—At special election, 
Jan. 9, citizens authorized bond issue of 
$188,000 for new municipal electric light 
and power plant. City Council will ar- 
range financing at early date. Burlin- 
game & Hitchcock, Sexton Building, 
Minneapolis, Minn., are consulting. en- 
gineers. 

Mo., Ava—Common Council has 
plans for new municipal electric light 
and power plant to cost about $59,000, 
with equipment. Financing has been 
secured in that sum through Federal 
aid. Russell & Axon, 4903 Delmar 
Boulevard, St. Louis, Mo., are consult- 
ing engineers. 

Mo., California — City Council has 
secured Federal loan and grant for 
$155,000, for new municipal electric light 
and power plant, and will proceed with 
program at early date. 

Mo., Independence—City Council has 
plans for extensions and improvements 
in municipal electric light and power 
plant, including installation of new 
3000-kw. turbine-generator and acces- 
sories. Cost $128,000. Financing is be- 
ing arranged through Federal aid. 
Black & Veatch, Mutual Building, Kan- 
sas City, Mo., are consulting engineers. 

N. D., Devils Lake—City Council has 
plans for new municipal electric light 
and power plant, estimated to cost about 
$300,000, with equipment. Application 
has been made for Federal grant and 
loan in such sum. Burns & McDonnell 
Engineering Co., 107 West Linwood 
Boulevard, Kansas City, Mo., is consult- 
ing engineer. 


N. J., Roselle—Borough Council is 
planning new municipal electric light 
and power plant, and extensions and 
improvements in municipal water sys- 
tem, with installation of pumping ma- 
chinery and auxiliary equipment, pipe 
lines, etc. Entire project is estimated 
to cost $1,200,000. Fund is being ar- 
ranged through Federal aid. 


N. Y., Auburn—City Council is plan- 
ning new municipal electric light and 
power plant, and street-lighting system, 
estimated to cost $310,000, with equip- 
ment. Financing is being arranged. 
Burns & McDonnell Engineering Co., 
107 West Linwood Boulevard, Kansas 
City, Mo., is consulting engineer. 


N. Y., Niagara Falls — Board of 
Works plans installation of two new 
pumping units with auxiliary mechan- 
ical equipment, addition to filter plant, 
new heading plant and equipment, pipe 
lines, etc., for new water intake line for 
supply service. Entire project will cost 
$445,000. Financing has been arranged 
through Federal aid. 

Ohio, Lorain—City Council is hav- 
ing plans completed for a new munici- 
pal electric light and power plant to 
cost about $1,500,000, with equipment. 
Proposed to arrange financing at early 
date through Federal aid. H. F. Har- 
mount, 2417 Oak Park Avenue, Cleve- 
land, Ohio, is consulting engineer. 


Ohio, Oberlin—City Council is per- 
fecting plans for new municipal electric 
light and power plant, using Diesel en- 
gine-generating units. An existing build- 
ing will be converted for station service. 
Estimated cost $250,000, with equipment. 
R. Husselman, Hippodrome Building, 
Cleveland, Ohio, is consulting engineer. 

Ohio, Sandusky—City Council has 
engaged Froehlich & Emery, Second 
National Bank Building, Toledo, Ohio, 
consulting engineers, to prepare plans 
for new municipal electric light and 
power plant, for which bond issue of 
$1,400,000 was recently authorized. Pro- 
posed to ask bids at early date. 

hio, Youngstown — Youngstown 
Sheet & Tube Co., Youngstown, plans 
installation of electric power equipment 
in new mill at Brier Hill Works for 
production of electric-welded steel pipe 
of small sizes. Entire project will cost 
about $500,000. Company engineering 
department is in charge. 

Pa., Allentown—Queen City Textile 
Corporation, Allentown, care of Victor 
R. Schmidt, Emaus, Pa., president and 
treasurer, plans purchase of motors and 
other electric power equipment for new 
textile mill at Allentown. Fund of 
$500,000 is being arranged, of which 
$140,000 will be expended for machinery. 

Pa., Butler—Standard Steel Car Co., 
Butler, subsidiary of the Pullman Corpo- 
ration, Chicago, Ill., plans installation 
of electric power equipment in connec- 
tion with extensions in local plant for 
production of steel forgings and other 
products. Machinery purchases will cost 
over $150,000. 

Pa., Philadelphia—Atlantic Refining 
Co., 260 South Broad Street, plans in- 
stallation of tanks, pumping machinery 
and other mechanical equipment in con- 
nection with rebuilding of gasoline re- 
finery unit, River Road and Passyunk 
Avenue, recently destroyed by fire. Loss 
about $100,000, including equipment. 

Tenn., Knoxville—Municipal Power 
Committee of City Council, W. A. Cock- 
rum, chairman, has secured Federal 
grant and loan of $2,600,000 for con- 
struction of a municipal power substa- 
tion, transmission line from new hydro- 
electric generating plant on Clinch 
River, about 20 miles from city, to be 
built by Tennessee Valley Authority, 
and local electrical distribution system. 
Entire program is estimated to cost 
$3,225,000, including future additions. 

Texas, San Angelo—City Council has 
plans for new municipal electric light 
and power plant, using Diesel engine- 
generating units, estimated to cost $880,- 
000. Financing is being arranged in 
that amount through Federal aid. Burns 
& McDonnell Engineering Co., 107 West 
Linwood Boulevard, Kansas City, Mo., 
is consulting engineer. 

ash., Seattle—Western Brewing 
Co., care of E. C. Rising, 5033 Seven- 
teenth Street, N. E., architect, plans 
installation of electric power equipment 
in new multi-unit plant on East Mar- 
ginal Way. A one-story boiler plant is 
proposed. Entire project will cost over 
$200,000, with machinery. 

Wis., Milwaukee—Chicago, Milwau- 
kee, St. Paul & Pacific Railroad, Mil- 
waukee, plans installation of electric 
power equipment in connection with 
rebuilding of forge and blacksmith shop 
on Thirty-eighth Street, Menomonee 
Valley, recently destroyed by fire with 
loss of about $100,000. 
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